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ABSTRACT 
ABSTRACT 
The mutagenic effect of gamma rays, methyl methane sulphonate 
(MMS), dimethyl sulphate (DMS) and diethyl sulphate (DES) was studied on 
morphology as well as cytology of two varieties of eggplant viz. PU and PPL. 
Different parameters, such as seed germination, variations, plant survival, 
pollen fertility, seedling height (i.e. root and shoot length), height of mature 
plant, branching, fruiting, fruit weight per plantffruit size(i.e. fruit length and 
fruit diameter)/r 1000-seeds weight were selected for morphological w0^, ^d^ "^^ 
univalents, multivalents, stickiness, secondary association of chromosomes, 
precocious-movement of chromosomes, stray chromosomes, translocation, 
spindle rotation, laggards, bridges, unequal separation of chromosomes, 
di«turbed~polarity> tripolar condition and chiasma frequency for cytological 
study were taken into account in Mi, M2 and M3 generations. Variants were 
selected from the treated populations on the basis of their cytomorphological 
changes in Mi generatior^they were selfed and the seeds so obtained sown in 
M2 generation, wherein the selected mutants were studied in detail."^^ 
' The seeds of selected mutants of M2 generation were grown in M3 
generation separately. General treated populations were also sown to study 
the segregation. Si any. A set of untreated seeds was sown as control. The 
data were analyzed statistically. 
The findings are summarized below: 
(1) Seed germination and pollen fertility showed a dose dependent decrease 
with gamma rays, MMS, DMS and DES in varieties PU and PPL. Similar 
trend was followed in these doses in M2 and M3 generations also but 
considerable recovery occurred in these parameters. The maximum 
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reduction in seed germination and pollen fertility was found in the 
highest cone, of MMS. The maximum delayed germination in Mi was 
observed in MMS followed by DMS, DES and gamma rays in both 
varieties, but in M2 and M3 the delaying effect decreased significantly. 
(2) Plant survival decreased with increasing doses/cone, of mutagens in 
both varieties. The maximum plant survival was observed in gamma 
rays followed by DES, MMS and DMS in variety PU, however in variety 
PPL it was in gamma rays followed by DES, DMS and MMS in Mi 
generation. The plant survival was higher in M2 and M3 generations than 
Ml generation. 
(3) The cotyledonary and vegetative leaves in treated seedlings exhibited 
abnormalities like notching at the apex, tricotyledonary leaves with 
fusion along margins, reduced angle between two, otherwise opposite 
leaves, poor development etc., as compared to control plants in Mi 
generation in varieties PU and PPL. These abnormalities occurred in all 
mutagens with the difference in their frequencies only. Almost similar 
abnormalities were observed in M2 and M3 generations also, but their 
frequencies were lower. 
(4) Older plants (75 days old) exhibited morphological variations regarding 
leaf shape and size, plant height, branching, fruiting, fruit size in both 
varieties in Mi generation. 
(5) Frequency of variations increased vdth increasing doses/concentrations 
of all mutagens in both varieties. The mutants in M2 were selected on the 
basis of selfing the variants of Mi. The frequency of mutations was 
generally lower in M2 and M3 generations, than those obtained in Mi 
generation. 
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(6) The average height of seedlings and mahire plants in Mi generation 
decreased with increasing doses/concentrations in gamma rays, MMS, 
DMS and DES in both varieties. The maximum reduction in seedling as 
well as mature plant height was obtained in DMS followed by MNK, 
DES and gamma rays in varieties PU and PPL. The M2 generation 
exhibited recovery in the average height of mature plants in general 
treated populations. Moreover, some mutants obtained as a result of 
segregation in M2 and M3, following the expression of new genes, were 
dwarf and some taller than control plants. 
(7) At mature stage dwarf mutants with less branching, taller mutants with 
increased or decreased number of branches, mutants showing higher or 
lower yield than control, were obtained in many treatments in M2 and 
M3 generations. 
(8) Various micro mutational characters such as average number of 
branches, number of fruits, fruit weight, fruit length and diameter, per 
thousand seeds weight and yield, were studied in Mi, M2 and M3 
generations. In M2 generation the mutation frequency was observed 
maximum in MMS followed by DMS, DK and gamma rays. The trend 
in Ms generation is similar to M2. The yield was found maximum in 
gamma rays followed by DES, DMS and MMS. Generally the yield was 
higher in M2 and M3 generations than Mi due to the ceasing toxic effect 
of mutagens. 
(9) The mutagenic effectiveness was higher in the lower doses of mutagens. 
The order of mutagens based on effectiveness was MMS >DMS> DES> 
Gamma rays in both varieties. The mutagenic efficiency worked out on 
the basis of seedling injury (Mp/I) and pollen sterility (MP/S), also 
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showed a declining trend with increasing doses/concentrations of 
mutagens. The order of efficiency with regard to inhibition in seed 
germination (Mp/I) were MMS >DMS> DES> Gamma rays and DMS 
>MMS> DES> Gamma rays in varieties PU and PPL respectively and 
the orders of efficiency with regard to pollen sterility (Mp/S) were 
DMS>DES>MMS>Gamma rays and Gamma rays>DMS>DES>MMS in 
varieties PU and PPL respectively. The MMS was found to be the most 
effective and DMS was generally the most efficient in both varieties. 
(10) The effect of mutagens on meiotic chromosomes was studied in detail. 
The chiasma frequency (per cell and per bivalent) generally decreased 
with the increasing doses/concentrations of mutagens at diakinesis and 
metaphase-I and that it was lower at metaphase-I than diakinesis. The 
maximum adverse effect on chiasma frequency was caused by MMS 
followed by DMS, DES and gamma rays treatments. The similar pattern 
was followed in M2 generations also, but with slight recovery. 
(11) Chromosomal abnormalities such as, univalents, multivalents, 
stickiness, secondary associations, precocious movement, stray 
chromosomes, translocation rings, spindle rotation, laggards, bridges, 
unequal separation, disturbed polarity and tripolar condition at 
different meiotic stages were mainly observed in varieties PU and PPL. 
The maximum frequencies of these anomalies were observed in MMS 
followed by DMS, DES and gamma rays in both varieties. The 
frequencies of these abnormalities reduced in treated populations in M2 
and M3 generations. 
(12) The positive and negative mutants have been isolated in M3 showing 
various morphological characters almost similar to those in M2 such as 
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tall, dwarf, decreased or profuse branching, high or low yielding etc. 
It has been concluded that the morphological and cytological 
variations observed in the present investigation were due to the genetic 
disturbances like various chromosomal associations and disturbed spindle 
formation as a result of the action of different mutagens used. In the condition 
of undetectable changes at chromosome level the chaniges at genie level 
(cryptic structural changes) have been attributed as the reasons for 
phenotypic variations. 
In addition to the above reasons the variations may also be due to 
physiological disturbances in metabolic activities or growth regulators 
(auxins and cytokinins) following the mutations at DNA level. Morphological 
variations were higher and mostly adapted in Mi generation, while in M2 the 
mutants were chromosomal and moreover recessive. 
The mutations were more or less similar in all mutagens but in 
varying frequencies. It can be presumed that wherever enizymes are involved 
there must be the involvement of genes, as the genes are expressed in the 
forms of proteins and enzymes. If there is any alternation at genie or base 
level the mutation is boimd to occur. 
Moreover, the induced cytomorphological variabilities in the present 
investigation provided greater chances of selection for different desirable 
character in Solanum melongena L. 
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CHAPTER -1 
INTRODUCTION 
jVlutations are sudden heritable changes in the genotype of an 
organism not explainable by recombination of pre existing genetic variability. 
The concept of mutation (a term coined by De Vries, 1901) is pervasive 
genetics. It is considered as an alternative source to naturally occurring 
variability for plant improvement programmes and as an alternative to 
hybridization and recombinations in plant breeding. 
Mutation is the ultimate source of all genetic changes (variations) and 
provides the raw material for evolution. Such genotypic changes include: 
changes in chromosome number (euploidy and aneuploidy), gross changes in 
the structure of chromosome (chromosome aberrations) and changes in 
individual genes (point mutation). It is a process by which the genetic 
information is changed in stable manner, either in natiire or experimentally 
by the use of chemicals or radiations. Induced mutations are found to be 
successful in shortening the life cycle, improving yield characters as well as 
grain qualities etc. 
The agents which possess the quality of acting upon the genetic 
material and cause mutations are called as mutagens. Mutagens are of two 
types: 
(i) Physical mutagens such as non-ionizing (UV-rays) and ionizing 
radiations (X-rays, y-rays etc.). 
(ii) Chemical mutagens such as alkylating agents (EMS, MMS, DMS and 
DES etc.), base analogues (5-bromouracil etc.), acridine dyes (proflavin, 
acridine orange compounds etc.) and other direct acting chemicals 
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(nitrous acid, mustard gas etc.). 
During the late 1920s, geneticists got new opportunities for creating 
variabilities in organisms after the discoveries that genetic material is 
amenable to change (Chopra, 2005). Mutagenic action of X-rays was 
discovered by MuUer (1927) in Drosop/ttia and Stadler (1929) in barley and 
maize. MuUer demonstiated that X-rays tieatiiaent markedly increased the 
frequency of sex linked recessive lethal mutations in Drosoiphila melanogaster. 
Physical mutagens predominantiy induce chromosome aberrations 
either through ionization of the target itself or indirectly through mutagenic 
free radicals as a result of ionization of background components. Chemical 
mutagens have shown evidence of more specific action than the physical 
mutagens, which act at random. Many cases of mutagenic specificity have 
been found to be regional (with reference to the chromosome) rather than 
genie. Though, there were several attempts to induce mutations by chemical 
agents (Westergard, 1957; Gustafsson, 1969), the first definite evidence that 
chemical agents can induce mutations was given by Auerbach and Robson 
(1942) in Drosophila by using mustard gas and Oehlkers (1943) in Oenothera by 
urethane. 
It was clear from the pioneering studies in Sweden that alkylating 
agents are particularly suited for mutagenic studies in plants (Ehrenberg & 
Gustafsson, 1957; Ehrenberg, 1960). m Europe, Japan and China emerged as 
great centers for induced mutagenesis work in 1950s on this planet (Chopra, 
2005) and at the same time.Swaminathan and his co-workers also initiated 
studies on chemical mutagenesis in crop plants at the Botany Division, Indian 
Agricultiire Research Institute (lARI), India (Natarajan, 2005). 
Mutation breeding seems to be a handy tool for improving the 
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quantitative and qualitative characters in various crop plants. Therefore, 
physical and chemical mutagens are being used in genetic improvement 
programmes of different plant species including triticale (Viswanathan & 
Reddy, 1998), lens culinaris (Reddy & Annadurai, 1992; Verma et al, 1999), 
Vigna radiatn (Khan, 1999), Triticum aestivum (Kalia et al, 2000), Vicia faba 
(Khan et al, 2005a, b; 2006a, b), Trigonella foenum-graecum (Jabee et al, 2007) 
and Helianthus annuus (Khursheed et al, 2009). 
The present material Solarium melongena L., selected for mutagenesis, 
commonly known as eggplant, aubergine, melongene, guinea squash, 
madapple, bitter tomato, garden egg, baingan or brinjal etc., belongs to 
family Solanaceae. It is a common vegetable in India, China, Egypt, Turkey, 
Florida, France and Italy. vD-J^^V 
I. EGGPLANT: A BOTANICAL DESCRIPTION W" )>> ^^  
Habit; Eggplant is erect, semi erect or prostrate, branched, perennial herb or 
sub-shrub with strong bushy appearance, reaching a height of about 1 meter 
on maturity, perennial in habit but may be cultivated as annual. 
Root: Plant produces a strong tap root which penetrates quite deep into the 
soil. ^ ' 
Leaves: Large in size, alternate, exstipulate, simple, petiolate, ovate with 
sHght lobed margins. 
Inflorescence: Extra-axillary cyme, flowers are solitary to cluster. 
Flowers: Ebracteate, pedicillate, cyclic, bisexual, actinomorphic, pentamerous. 
Calyx: Gamosepalous, free lobed, persistent and densely covered with hairs. 
Corolla: Five lobed, gamosepalous, bell shaped, purple, violet to pinkish 
white in colour. 
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Androecium: Five, epipetalous stamens, alternating with petals; anthers long, 
erect, basifixed and connivent, often tapering upwards and dehiscing by 
apical pores. 
Gynoecium: Bicarpellary, syncarpous, superior overy. Ovary bi-tetralocular, 
each locule containing large no of ovules on swollen axile placenta. 
Fruit: Large, berry, varying in shape, spherical to cylindrical, smooth and 
glossy surface. 
Seeds: Small, flattened, kidney shaped, pitted and endospermic with covered 
embryo. 
The present systematic position of brinjal 
Kingdom : Plantae - Plants 
Subkingdom : Tracheobionta - Vascular Plants 
Super division : Spermatophyta - Seed Plants 
Division : Magnoliophyta - Flowering Plants 
Class : Magnohopsida - Dicotyledons 
Subclass : Asteridae 
Order : Solanales 
Family : Solanaceae -Potato Family 
Genus : Solatium - Nightshade 
Species : Solanum melongena - Eggplant, Brinjal 
IL-GUtH-V-ATIOC^ .-^^ 
Eggplant (Brinjal) requires a long warm growing season for its proper 
growth (Choudhury, 1990). The damage to the eggplant flowers due to high 
temperature results in decreased pollination rates, reduced fruiting, and 
increased fruit abscission (Sun et al, 1990; Nkansah, 2001). Eggplants suffer 
rapid physiological disorders manifested mainly by the appearance of surface 
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injuries such as pitting, scald, seed darkening and flesh browning, especially 
in the calyx below 12 °C (Fallik et al, 1995). The mean growing temperature of 
the crop is between 13 °C to 21 °C for its successful production. The crop can 
be grown thrice during the year as autumn-winter, spring-summer, and rainy 
season crop and therefore, the fruits which are used as a vegetable are almost 
available throughout the year. ^ 
I^IL-AREA UNDER PRODUCTION-ANDJ?RODUCIiy-I'TY-OFEGGPLANTr--
Most eggplants in Asia are produced by small-scale farmers, and the 
sale of the fruit is an important source of cash income (Rashid et al, 2003). 
Development of new varieties through mutation breeding with higher 
nutrient content could be particularly beneficial to poor consumers. It would 
be especially important in South Asia, where annual per capita vegetable 
availability ranges from 10 to 54 kg (FAO, 2005), far below the recommended 
level of 73 kg (Ah & Tsou, 1997). In 1999,1.3,million ha were cultivated in the 
world for a total production of 21.2 t, of which 92.4% of the world productions 
were covered by Asia (FAO, 1999). Based on production statistics, eggplant is 
the third most important crop in Solanaceae, after potato and tomato (FAO, 
2000). China, India, Bangladesh, Nepal and Sri Lanka account for about 80% 
of the world's eggplant production area (FAO, 2005). The greatest eggplant 
producers are China (18 t), India (8.4 t), Egypt (1 t) and Turkey (0.8 t) (FAO, 
2007). 
IV, jWTRmV^EA^ALUE AND MEDiaNAlTMPORTANeEr"^'" 
Vegetables play a pivotal role in our diet as they are the main source of 
some important supplements, especially vitamins and minerals. Most of the 
fruits of genus Solatium are used as vegetables and the eggplant is one of the 
most common and popular vegetables grown throughout India. Nutritive 
V 
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value of eggplant is also noteworthy (Choudhary & Malda, 1968; Siddiqui, 
1989). However, eggplant fruits contain ascorbic acid and phenolics, both of 
which are powerful antioxidants (Cao et al. 1996; Viirson et al, 1998). 
Eggplant is of considerable medicinal value (Nadkarni, 1927; Chopra et 
al, 1956; Khan 1979; Siddiqui, 1989). In Unani system of medicine the root of 
eggplant is used to alleviate the pain (Siddiqui, 1989). In addition, several 
researchers have provided evidence that eggplant extracts have a significant 
effect in reducing blood and liver cholesterol rates in humans (Khan 1979; 
Jorge et al, 1998; Kayamori & Igarashi 1994; Jenkins et al, 2003). 
The pulps of root and leaf are mixed with natron to treat rheumatic 
disease and swollen joint pains (Dalziel, 1937). An infusion from the leaves is 
used against asthma, bronchitis, urinary disorders, and wounds resulting 
from syphilis (Ambasta, 1986; Jain & De Fillips, 1991). In countries such as 
Madagascar and South Africa, the leaves, fruits, and seeds are said to be in 
use in diverse ways and even curing diseases like syphiHs. Unripe fruits are 
used as a laxative, appetizer, cardiotonic (Ambasta, 1986; Jain & De Fillips, 
1991). 
The eggplant also bears ayurvedic medicinal properties and white 
brinjal is said to be useful for the diabetic patients (Choudhury, 1990). The 
food recipes of the National Diabetes Education Program of National Institute 
of Health (NIH) and American Diabetes Association (ADA) and Mayo Clinic 
recommended eggplant as a part of the diet for management of type 2 
diabetes (NIH, 2007; ADA, 2007; MAYOCLINIC, 2007). 
In view of the above mentioned importance the present investigation 
has been carried out which deals with the study of mutagenic effect of y-rays 
(Physical mutagen), methyl methane sulphonate (MMS), dimethyl sulphate 
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(DMS) and diethyl sulphate (DES) (chemical mutagens), on the basis of their 
differential efficiency and effectiveness in inducing genie or chromosomal 
mutations. The assessment of mutagenic effects of these physical and 
chemical mutagens has been done on various parameters, including seed 
germination, seedling and plant growth, survival rate, variation/mutation 
frequency, branching, fruiting, fruit weight, fruit size, 1000-seeds weight and 
yield. Cytogenetic studies in control and mutagen-treated populations have 
been done in detail and possible genetic reasons have been worked out for 
morphological variations. 
V. OBJECTIVES: 
The investigations reported in the thesis have been carried out in Mi, 
M2 and M3 generations, keeping the following objectives in view. 
> To study the effect of different mutagenic treatments on various 
biological parameters such as seed germination, plant survival, pollen 
fertility, growth, morphology, yield etc. in Mi, M2 and M3 generations, 
> To investigate the meiotic behaviour of chromosomes after treatments 
with physical and chemical mutagens in Mi, M2 and M3 generations, 
> To find out the effectiveness and efficiency of gamma rays, and other 
alkylating agents (MMS, DMS and DES) in inducing mutations in M2 
generation, 
> To induce maximum variations, with minimum damage of the plants, 
for the selection of mutants in M2 and M3 generations. 
> To select and maintain the mutants in M3 generation on the basis of 
morphological characters. 
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CHAPTER-2 
REVIEW OF LITERATURE 
Mutation in broad sense includes all those heritable changes which 
alter the phenotype of an individual. It is a valuable approach to plant 
breeding, as for improving the characters; changing the basic genotypes and 
shortening the normal life cycle of the plants are concerned. However, the 
efficacy of mutation breeding programs depends on the amount of genetic 
variability available in the crop species and the efficiency of the selection 
techniques employed. 
The occurrence of sudden and heritable changes in the races was first 
suggested by De Vries (1901) in OenotJiera laniarckiana. He proposed the use of 
radiation for the induction of mutations. The first successful use of X-rays was 
made by MuUer (1927) for the discovery of induced mutability and its 
frequency in Drosophik. Later, the successes were achieved by Stadler (1929) 
in barley and Goodspeed (1929) in Datura and Nicotiana. The role of mutations 
in evolution was emphasized by Baur (1924) and Stubb and Wettstein (1941). 
Substitution and chromosomal reconstiuction clearly demonstiated by Sears 
(1956) are now valuable tools in planned plant genetics and breeding and 
most of the varieties developed by mutation breeding so far have arisen in 
material tieated with ionizing radiations. 
Another phase in the history of induced mutations is the discovery of 
chemical mutagens during the World War II. So the use of chemical mutagens 
is comparatively recent in origin. Although the mutagenesis for the first time 
was tiled by Schiemann (1912) by using potassium bichromate on Aspergillus 
niger, but the first successful attempt was done by Auerbach & Robson (1942) 
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by using mustard gas on Drosophila melanogaster, whereas Oehlkers (1943) 
concentrated on the chromosomal translocations in Oenothera by urethane. 
Extensive work with chemical mutagens has begun only since 1960 following 
the introduction of EMS (Heslot, 1964). Rapoport (1947) studied the 
mutagenic effect of DES in Drosophila and postulated that ethylation is a 
mutation inducing process. Thereafter, DES has been largely used as a plant 
mutagen. In plants, the chlorophyll mutations with DES were first reported in 
barley (Heslot & Ferrary, 1958). In general, alkylating agents primarily induce 
chromatid type aberrations (Revell, 1953; Ockey, 1960; Kihlman, 1961; Evans 
& Scott, 1964; Heiner, 1971). 
I. MORPHOLOGICAL STUDIES: 
Mutagenic treatments have been reported to affect seed germination, 
seedling height, plant height, plant survival, pollen fertility, yield and other 
morphological characters. 
A. Germination: 
(a). Physical Mutagens: 
Reduction in germination by gamma rays has been reported in 
hexaploid triticale (Edwin & Reddy, 1993); Helianthus annuus L. (Reddy et ah, 
1993), Brassica juncea (Singh et al, 1993), Ammi majus L. (Ansari & Siddiqui, 
1996), Glycine max L. (Mehetie & Mahajan, 1996), Lens culinaris (Verma et al, 
1999),' Vigna radiata (L.) Wilczek (mungbean) (Hanumantharaju et al, 2000 & 
Das et al, 2004). The germination percentage and growth rate decreased with 
increase in the doses of gamma rays in Zea mays (maize), Abelmoschus 
esculentus (okra) \^ld^ Arachis hypogaea (groundnut) (Mokobia & 
Anomohanran, 2005), tJapszcunr annuum (chili) (Omer et al, 2008). 
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(b). Chemical Mutagens: 
Reduction in germination by chemical mutagens has been reported in 
Vigna radiata (L.) Wilczek (Khan et al, 1998b, c; Khan & Wani, 2005), Lathyrus 
sativus (Kumar & Dubey, 1998a), Vigna mungo (blackgram) (Sharma et ah, 
2005), Viciafaba L. (Vandana & Dubey, 1988; Ashour & Abdou, 1990; Kumar et 
al, 1993; Khan et al, 2006a, b, 2007a), Brassica juncea (Singh et al, 1993), 
Capsicum annuum (Sharma & Anis, 1995; Omer et al, 2008), Ammi majus L. 
(Ansari & Siddiqui, 1995), Trigonella foenum-graecum L. (Anis & Wani, 1997; 
Siddiqui et al, 2007; Jabee et al, 2008), Helianthus annum L. (Khursheed et al, 
2008), Oryza sativa L. (Mishra & Choudhuri, 1997),'^Salvia sclarea (Corradi et al, 
1993). Germination followed a decreasing order in Cker arietinum L. var. K-
850 in the increasing concentrations of Hydrazine Sulphate (HS) (Jabee & 
Ansari, 2005), in Solanum melongena L. (Hussein & Siddiqui 1997; Parveen et 
al, 2005; Shahab et al, 2007; Alka et al, 2007). 
B. Seedling Height, Plant Height, Plant Survival and Pollen Fertility: 
Higher doses of gamma rays inhibited the seedling stem growth in 
Finns hanksiana (jackpine) (Amiro, 1986). Physical and chemical mutagens 
reduced the seedling growth in Brassica juncea (Singh et al, 1993). Reduction 
in seedling height and pollen fertility was found in Viciafaba by DES and EMS 
treatments, whereas lower doses of EMS exhibited slight promoting effect for 
morphological characters in Viciafaba (Vandana & Dubey, 1988). EMS, MMS 
and SA also reduced the seedUng height in Vigna radiata L. (Khan & Wani, 
2005). Solanum melongena L. (eggplant) showed a linear reduction in seedling 
growth with increasing doses of chemical mutagens (Hussein & Siddiqui, 
1997; Shahab e^fl/., 2007). 
10 
REVIEW OF LITERATURE 
Gamma rays-induced semi-dwarf mutant with semi-dwarfing genes 
showed positive responses to salt stress in Hordeum vulgare (Forster, 2001). 
Reduction in plant height by Gamma rays was observed in Vigna radiata L. 
(Das et al, 2004), Capsicum annuum (Omer et ah, 2008). Varshney and Siddiqui 
(1997) found dose dependent decrease in plant height in bread wheat by the 
mutagenic action of thiourea. Linear reduction in plant height was also 
observed in Oryza sativa (rice) after the exposure of low UV-B radiations 
(Mohammed et al, 2007). UV-B radiations reduced vegetative tiller 
production (25%) and total panicle dry weight (15%) in rice. A plant showing 
dwarf stature was identified from the progenies of 30 Gy gamma rays 
exposed population in Hevea brasiliensis (Saraswathy Amma et al, 1990), 
whereas Trigonella foenum-graecum showed significant increase for plant 
height after gamma rays treatment (Yadav et al, 2000). Remarkable height 
injury induced by physical and chemical mutagens has been observed in 
several crops (Reddy, 2001b; Nabipour et al, 2004; Stamo et al, 2007), whereas 
desirable height mutants were isolated in three triticale varieties treated with 
gamma rays, EMS and their combinations (Reddy, 2001a). Caffeine showed a 
stimulatory effect on plant height and yield attributing characters at lower 
doses in Capsicum annuum L., while higher doses were found inhibitory 
(Kumar & Tripathi, 2004). 
Pithophora oedogonia showed deviation in survival, dry weight, 
chlorophyll contents and mitosis percentage on irradiation with ultraviolet 
rays by employing different distances from the source and different exposure 
periods (Chanderpurna & Vidyavati, 1993). Reduction in plant survival and 
pollen fertility with increasing doses of gamma rays was reported in Vigna 
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radiata (Khan et al, 1994; Das et al, 2004), in Vigna mungo (Sharma et al, 2005), 
Helianthus annuus L. (Khursheed et al, 2008). Survival and root length was 
inversely affected by increasing doses of gamma rays in Capsicum annuum L. 
(Omar et al, 2008). 
Capsicum annuum L. showed a gradual decrease in seedling growth and 
pollen fertility in MMS treated populations (Sharma & Anis, 1995), whereas 
lower doses of MMS enhanced the germination, survival and pollen fertility 
in Vigna radiata L. (Khan et al, 1987). Ethyl methane sulphonate (EMS) and its 
combinations with gamma rays have induced the reduction in seedling 
growth, pollen fertility and in the days to maturity in two varieties of hathyrus 
sativus L. (Kumar & Dubey, 1998b). Remarkable reduction in pollen fertility 
was observed in Vigna radiata L. by chemical mutagens (Khan et al, 1998c; 
Khan & Wani, 2005). A non-significant difference in the size of pollen grains 
of normal morphology and shape between the irradiated and control pollens 
was observed in Gossypium hirsutum L. (Savaskan, 2002). 
A comparative study was performed to assess the DNA damage in 
Solanum tuberosum (potato) by cadmium, ethyl methane sulphonate (EMS) 
and gamma rays (Gichner, 2008). He noted that a dose response increases 
DNA damage in treated populations versus controls in root nuclei after 
treatment with heavy metal cadmium (Cd^*). 
C. Mutations Affecting Yield: 
Medium or moderate doses of gamma rays under dry treatment and 
higher doses under soaked treatment were found more effective in inducing 
genetic variability for grain yield and its attributing characters in Vigna mungo 
(L.) Hepper (Kumar & Mishra, 2006). Gamma rays, ethyl methane sulphonate 
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(EMS), mitomycin C (MC) and hydroxylamine (HA) induced a proportional 
increase in the female flowers in Momordica charantia L., resulting in a slight 
shift in sex ratio and yield (Mallaiah & Jafer, 1988). 
Thirteen mutants with promising performance for yield components 
were isolated in M2 generation of gamma rays irradiated Brassica juncea Coss. 
(Javed et ah, 2000). Two mutants with significant increase in dry leaf yield per 
unit area were isolated in gamma rays irradiated Virginian tobacco (Ibrahim 
et al., 2001b). A promising mutant (early maturity and high seed and husk 
yield) was obtained by combined treatment of gamma rays and ethidium 
bromide (EB) in Plantago ovata (Lai & Sharma, 2002). Several mutants with 
promising performance for yield and yield components have also been 
isolated in gamma rays, SA and EMS treated Ocimum sanctum L. (Nasare & 
Choudhary, 2003). 
Reduction in yield by physical and chemical mutagens has been 
reported in Vigna unguiculnta (cowpea) (Banu et al, 2005); Glycine max 
(soybean) (Karthika & Lakshmi, 2006). Advanced large-seeded 'Georgia 
Browne' mutant breeding lines were isolated from small-seeded, high 
yielding disease resistant Arachis hypogaea cultivar 'Georgia Browne' after 
gamma rays irradiation. Field performance tests showed significant 
differences for disease resistance, pod yield, total sound mature kernels 
(TSMK) grade , pod weight, seed weight and seed size among the advanced 
large-seeded mutant breeding lines compared with small-seeded 'Georgia 
Browne' (Branch, 2002). 
DES, EMS and colchicine increased the fruit yield in Solanum melongena 
L., and DES was found to be more effective in iiicreasing fruit yield (Siddiqui 
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et al, 1988). Remarkable increase in fruit size, weight and number of fruits per 
plant was found in DES and MMS treated Solanum melongem L. (Siddiqui, 
1989). NMU induced an increase in mean values for several quantitative 
characters in Solanum melongena L. (Siddiqui, 1993). Successful development 
of useful mutants with improved early seed maturity, coupled with high seed 
yield, seed quality and determinate growth habit in Trogonella foenum-graecum 
have been reported by EMS treatments (Basu et al., 2007). 
Loss in yield and its attributing characters was observed with 
increasing doses of gamma rays in different crops (Verma et al, 1999; Pavadai 
& Dhanvel, 2005). Gamma rays have induced variability for various yield 
attributing characters in Trogonella foenum-graecum (Yadav et al, 2000). 
Waghmare et al. (2001) isolated for the first time a fasciated mutant with less 
number of primary and secondary branches, reduced pod and seed size, low 
yield and delayed maturity in gamma rays irradiated Lathjrus sativus L. 
(grasspea). Reduction in root weight and shoot dry weight was observed with 
increasing doses of gamma rays in Capsicum annuum L. (Omar et al, 2008). 
Gamma rays, EMS, streptomycin, acriflavin and ethidium bromide have 
reduced the biomass production in Brassica juncea (Singh et al, 1993). Gamma 
rays and EMS showed a decreasing trend for the mean values with increasing 
dosage for five quantitative characters viz. primary branches per plant, 
clusters per plant, pods per plant, seeds and seed yield per plant in Vigna 
unguiculata (Banu et al, 2005). Remarkable loss in yield has been experienced 
by chemical mutagens in soybean (Pavadai & Dhanvel, 2004) and bread 
wheat (Varshney & Siddiqui, 1997). Gossypium hirsutum L. (cotton) showed 
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loss in plant height, no. of sympodia and n)6. of bolls per plant during Mi and 
M2 generations to the 13h EMS treatment (Sundaravadivelu et al, 2006). 
Three hexaploid triticales showed negative shift in mean for the plant 
height, tiller number and grain yield and positive shift in mean for 
spikelet/spike and lOO-grain weight due to gamma rays and EMS treatments 
(Viswanathan et al., 1994). Reduction in yield components was also observed 
in gamma rays irradiated caraway plants, while induced increase in yield 
components for both Foeniculum imlgare (fennel) and Nigella saliva (black 
cumin) (Khalil, 2001). 
Colchicine induced autotetraploids in faba bean (Vicmfaba L.) showed 
gigantism, bigger leaves and flowers etc. with reduced pollen fertiUty, 
number of seeds per pod and number of seeds per plant as compared to 
diploids (Joshi & verma, 2004), whereas colchicine-induced autotetraploids 
have exhibited enhancement in yield attributing components in Impatiens 
balsamina L. (Dikshit & Kumar, 2007). 
Four mutants with altered tannin content were screened in gamma 
rays irradiated winged bean {Psophocarpus tetragonolobus L. DC) (Klu et al, 
1997). Out of four mutants only one desirable mutant with a level of tannin of 
about 25% of the wild type and the other mutants having similar or increased 
tannin levels were recorded. 
Ten agronomically desirable mutants were isolated in wheat and 
triticale after treating with gamma rays and EMS individually and in 
combination (Viswanathan & Reddy, 1998). Higher concentrations of EMS 
and its combination with gamma rays were found to be effective in increasing 
the variability for the fatty acid content in soybean oil (Patil et al, 2007). 
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Cellulose synthesis was enhanced in green gram seedling by chelating 
agents viz. EDTA and 2, 2-dipyridyl at low concentration with a 
corresponding increase in amylase activity and a decrease in sugar content 
(Rao ei al, 1986). 
D. Mutations Affecting Plant Morphology: 
Physical and chemical mutagens have induced various morphological 
mutations in several crops (FHppetti & De Pace, 1986; Solanki & Sharma, 1999; 
Elayaraja et al, 2005). The frequency and spectrum of morphological 
mutations were found to be mostly dose dependent in Capsicum annuum L. 
(Aniel Kumar et al, 2002). 
New cultivars having altered fatty acid composition have been 
released in gamma/X-rays irradiated rapeseed, sunflower, and linseed crops 
(Bhatia et al, 1999). A light corolla mutant, showing variation in some of the 
oil constituents with a light purple eye at the base of flower was detected in 
.gamma rays irradiated muskdana [Abelmoschus mosdwtus) [Mishra et al, 
2000]. 
Variation in carpel number and its morphology was observed in local 
brinjal cultivar treated with gamma rays and EMS (Zeerak, 1998). Two flower 
colour mutants, viz. red with white stripes and pink with white stripes were 
isolated in carnation through in vitro apphcation of EMS (Singh, et al, 2000a). 
The mutants not only performed better in the traits for which they were 
selected but also found to be important in other quantitative characters. 
Variants showing pollen size variations were isolated in higher 
frequency in Lathyrus sativus L. in individual appUcation of EMS and DES and 
lower doses of gamma rays in combination with DES/EMS. However, 
16 
REVIEW OF LITERATURE 
individual application of chemical mutagens was more effective in inducing 
pollen size variations (Kumar & Dubey, 1996). Two mutagenized rice 
populations were developed by the treatment with EMS and a combination of 
sodium azide plus methyl-nitrosourea (Az-MNU). Az-MNU treated 
population showed more nucleotide changes than EMS treated population in 
10 screened genes (Till et al, 2007). 
Gamma rays induced favourable vegetative growth in fennel and black 
cumin while unfavourable in caraway plant (Khalil, 2001). It induced 
mutations for earliness in soybean (Neto & Alves, 1997). Gamma rays alone 
induced several micro and macro-morphological chimaeras in sunflower 
(Ratnam & Rao, 1994). Mini and deformed flower mutants were isolated in 
gamma rays irradiated Beta vulgaris L. (Chauhan et al, 2006). The anthers in 
these mutants were both dehiscent and non-dehiscent, exhibiting a variable 
degree of pollen sterihty associated with abnormal behaviour of endothecium 
and tapetum. Two dwarf mutants and one mutant with yellow pericarp were 
isolated from heavy ion irradiated sweet pepper (Honda et al, 2006). 
Higher doses of physical and chemical mutagens provide enough 
scope to develop a wide spectrum of morphological variations in desirable 
plant attributes, such as multifohate condition, variation in lamina, sterility 
etc. in mungbean (Tah, 2006). 
E. Chlorophyll Mutations: 
Different types of chlorophyll mutations such as albina, xantha, viridis, 
maculata, striata, chlorina etc. have been reported in several crops by using 
physical and chemical mutagens (Swaminathan. et al, 1962; Reddy & 
Annadurai, 1991; Das & Kundagrami, 2000; Singh et al, 2001). While the 
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highest frequency of albina followed by chlorina and xantha was observed 
after treatments with physical and chemical mutagens in chickpea. Moreover, 
the chemical mutagens were found to be more efficient in inducing 
chlorophyll mutations (Kharkwal, 1998b, 2000). EMS has been reported to 
induce higher proportion of chlorophyll mutations than gamma rays in 
several crops (Waghmare & Mehra, 2001; Singh & Singh, 2001; Karthika & 
Lakshmi, 2006). The combined treatments of gamma rays and ethyl methane 
sulphonate (EMS) produced higher frequency and wider spectrum of 
chlorophyll mutations followed by single treatment of gamma rays or EMS in 
mungbean {Vigna radiata L.) (Singh et al, 2005; Sharma et al, 2006), while in 
Vigna mungo L. Hepper the gamma rays was more efficient than EMS and 
their combination in producing chlorophyll mutations (Khan, 1999). Similarly 
gamma rays induced the higher frequency and wider spectrum of chlorophyll 
mutations than EMS in urdbean (Sharma et al, 2005; Kbian, 1999). Lower 
doses of gamma rays and EMS showed wider spectrum of chlorophyll 
mutations in Nigella sativa L. (Mitra & Bhowmik, 1999). Thus physical 
mutagen was found to be more effective in inducing chlorophyll mutations 
than chemical mutagen in two cultivars of soybean (Geetha & Vaidyanathan, 
2000). 
Frequency, spectra and inheritance pattern of chlorophyll mutations by 
gamma rays in a chili cultivar X-235 was studied by Aniel Kumar et al. (2001). 
The frequency and spectrum of chlorophyll mutations by gamma rays have 
been found dose dependent in different crops (Palanivel & Jayabalan, 2000; 
Aniel Kumar et al, 2000; Jain et al, 2005). Dry and wet irradiated conditions 
influenced the rate of chlorophyll mutations in foxtail millet (Ichitani et al. 
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2003). A xantha mutant (yellow plant) was identified in gamma rays treated 
cytoplasmic male sterile (CMS) maintainer line 1132 of Onjza sativa L. (Zhou et 
ah, 2006). 
DES induced much higher frequency of chlorophyll mutations than 
those of EMS in Vicia Faba L. (Vandana, 1991; 1992). Moreover, in Lathyrus 
sativus L. the frequency of vital mutations was higher than those of 
chloromutations or the sterile mutations (Vandana & Dubey, 1993). A 
chlorophyll reduced (CR) mutant seedling with yellow green cotyledons and 
leaves was obtained from the Brnssica napus inbred Unes induced by fast 
neutrons and diethyl sulphate (DES). Chlorophyll-reduced seedling marker 
trait was introduced into male sterile hues and the CR male sterile lines 
revealed the same superior combining ability as normal chlorophyll (NC) 
lines (Zhao et ah, 2000). 
F. Mutagenic Effectiveness and Efficiency: 
The usefulness of any mutagen (chemical or physical) in mutation 
breeding programmes depends not only on its effectiveness but also on its 
efficiency. Comparative mutagenic effectiveness and efficiency of physical 
and chemical mutagens were studied in chickpea (Kharkv/al, 1998a); Oryza 
sativa L. (Singh et ah, 2001); celery, fennel and ajowan (Paxil & Datta, 2005). 
Lower doses of physical and chemical mutagens and their combinations were 
found to be effective and efficient in several crops by many workers (Prasad, 
1972; Sharma & Sharma, 1981; Khan, 1999). 
According to some authors chemical mutagens have been reported to 
be more effective in causing mutations as compared to physical mutagens and 
to their combined tieatments with physical mutagens (Raveendran & 
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Jayabalan, 1997; Bhattacharjee et al, 1998; Solanki & Sharma, 1999; Kharkwal, 
1999, 2001; Shah effl/., 2006). 
MMS was found most effective and efficient than EMS in Vigna radiata 
L. (Wani & Khan, 2005), while EMS has been reported to be more effective 
and efficient than gamma rays in chickpea (Shah et al, 2006), urdbean 
(Sharma et al, 2005), Lathyrus sativus L. (Waghmare & Mehra, 2001), celery, 
feimel and ajowan (Paul and Datta, 2005). Sodium azide (SA) and gamma rays 
show higher effectiveness and efficiency in Trigonella foenum-graecum L. (Koli 
& Ramkrishna, 2002). Lower doses of hydrazine sulphate (HS) were found 
more effective and efficient, but followed a declining trend with increasing 
concentrations of HS (Jabee & Ansari, 2005). 
The efficiency on the basis of seedling injury has been reported to be 
generally higher as compared with that based on pollen sterility. The 
efficiency of individual EMS and DES treatment was found 2 to 3 times higher 
in comparison to most other mutagenic treatments and the EMS proved itself 
to be more effective than DES (Kumar & Dubey, 1998 b). Moreover the 
effectiveness and efficiency increased with increasing doses of gamma rays in 
sunflower (Ratnam & Rao, 1993). The combined treatment of gamma rays and 
EMS was found to be more effective than individual doses in generating the 
resistant type of mutants in Indian mustard (Yadav et al, 2001). Similarly, 
EMS in higher concentrations as well as its combined treatments with gamma 
radiations was found to be more effective in inducing variability for the fatty 
acid content in soybean (Patil et al, 2007). Khatod et al (2002) reported that 
lower doses of gamma rays were found to be more effective in cotton. The 
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mutation induction effects of He and C ions were found to be higher than 
those of gamma rays in buckwheat (Morishita et at., 2003). 
G. Mutations for Tolerance and Resistance: 
Four lodging resistant mutants showing a significant reduction in days 
to flowering and maturation developing stages were found in gamma rays 
irradiated rice cultivars (Ibrahim et al, 2001a). Das et al. (2002) obtained 
variants for late blight resistance in two popular cultivars of Solanum 
tuberosum L. after gamma rays treatment. A new genotype of durum wheat 
resistant to lodging with high yield was isolated by gamma rays treatment 
(Al-Ubaidi et al, 2002). Wheat mutants showing yellow rust resistance were 
isolated after X-rays irradiation (Boyd & Minchin, 2001). A drought tolerant 
mutant line was isolated in gamma rays tieated Sorghum bicolor L. (Hoeman et 
al, 2003). 
EMS-induced lincomycin resistance in Capsicum annuum L. was 
reported by Subash et al. (1997). Such mutants might be useful in designing 
biochemical selection scheme to recover somatic hybrids and cybrids. 
H. Mutations Inducing Male Sterility: 
Male sterility was induced in Psophocarpus tetragonolobus (L.) DC. by 
gamma rays (Ghanavat & Dixit, 2002); Cicer arietinum L. by a gametocide, 
fluoro oxanil (Mathur & Lai, 1999) and Helianthus annuus L. by gibbereUic acid 
(Khulbeeffl/.,2003). 
Two male sterile mutants were isolated in Khesari (Lathyrus sativus L.) 
after combined treatment of gamma rays and EMS (Kumar & Dubey, 1997). 
Both the mutants showed reduction in plant height, number of primary 
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branches and width of leaflets with dark green leaves as compared with 
control. 
II. CYTOLOGICAL STUDIES: 
A. Meiotic Studies: 
Most of the mutagens exert their effect at cellular level, therefore, the 
cytogenetic analysis has become one of the most important assays to evaluate 
mutagenicity of mutagens. The increased frequency of meiotic anomaUes with 
increasing concentrations of mutagens was reported in several crops by many 
workers (Jayabalan & Rao, 1987; Ahmad, 1993; Khan et al, 1998a, 2007b, c; 
Dhamayanthi & Reddy, 2000; Kumar & Tripathi, 2004; Jabee & Ansari, 2005). 
Khadr (1970) while comparing EMS and gamma rays suggested that the EMS 
mainly produces gene mutations and/or minute chromosomal aberrations, 
whereas the genetic variations produced by gamma irradiations were 
accompanied by the loss and/or gain of segments of the chromosome. 
The frequency of meiotic irregularities was found to be more in the set 
of combined treatments of gamma rays and EMS as compared to the 
individual ones in hens culinaris (Kumar et al, 2003). Ethyl methane 
sulphonate (EMS) was found more effective in inducing meiotic irregularities 
than gamma rays in Vigna radinta L. (Singh et al, 1999); Capsicum annuum L. 
(Dhamayanthi & Reddy, 2000). Maximum frequency of chromosomal 
anomalies was displayed at the maximum dose of EMS treatment in maize 
{Zea mays L.) (Kumar & Rai, 2007a). 
EMS caused a greater reduction in the frequency of chiasmata than 
MMS and SA in Capsicum annuum L. (Anis & Sharma, 1997). Chromosomal 
aberrations like clumping and stickiness among bivalents, formation of 
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multivalents, univalents, fragments at metaphase-I, irregular grouping of 
chromosomes and laggards were frequently encountered at anaphase stage in 
PMCs of chili, while MMS was found to be more effective in inducing meiotic 
abnormalities followed by gamma rays and EMS in Vicia faba L. (Bhat et al, 
2005). 
DES induces prominent meiotic abnormalities hke reduction in 
chiasma frequency, precocious separation of chromosomes, fragments, 
varying numbers of univalents and rod bivalents, occasional formation of 
chromatin bridges, uneven distribution of chromosomes at anaphase-I and 
stretching of chromatin material in Helianthiis anniius L. (Siddiqui & Ansari, 
1986), Trigonella foenum-graecum L. (Pratibha & Reddy, 1990). DES also causes 
increased frequency of univalents per cell in Ocimum hasilicum L. (Mukherjee 
& Datta, 2005). DES is a much potent clastogenic agent than EMS (Asita, 
1989). The frequency of abnormalities induced by DES was higher than 
caffeine in Vicia faha L. (Khan et al, 2007b). 
Eleven desirable macromutants with nearly normal meiosis and high 
pollen fertility were isolated in sesame {Sesamum indicum L.) after the 
treatments of chemical mutagens (EMS, DES, HNO2, NH2C)H, DMSO, NaNs 
and H2O2). All mutant traits were recessive to normal except viridis, which 
showed monogenetic inheritance pattern (Sengupta & Datta, 2004). 8-
Hydroxy Quinoline (8-HQ) revealed a remarkable reduction in chiasma 
frequency in Vicia faba L. (Khan et al, 2007c). 
Gamma rays irradiation has also induced cytological abnormalities Uke 
clumping and stickiness among chromosomes and irregular grouping of 
chromosomes in Lycopersicon esculentum at metaphase-I (Jayabalan & Rao, 
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1987). Meiotic abnormalities such as quadrivalents, univalents, laggards, 
bridges, fragments and micronuclei were found to increase in the mutagenic 
treatments of gamma rays, EMS and SA in barley and hexaploid wheat 
(Reddy et al, 1991). Univalents, multivalents, anaphase-I bridges, laggards 
and unequal segregation of chromosomes were found in gamma rays treated 
Cicer arietinum L. (Ahmad, 1993). A mutant exhibiting "multiploid 
sporocytes" condition was recorded in chili for the first time by gamma rays 
(Lakshmi et al, 1997). PMCs were devoid of individual boundaries and 
aggregated into plasmodium like masses of various sizes in the above 
screened mutant. 
Gamma rays irradiation induced three translocation heterozygotes 
exhibiting the formation of either a ring or a chain of four chromosomes in 
meiocytes of Nigella damascena L. (Saha & Datta, 2000). Bhat et al. (2006) 
observed gamma rays-induced meiotic abnormalities in Viciafaba. 
An aneuploid with the spectrum of anomahes including various 
associations of chromosomes at diakinesis, lagging chromosomes at anaphase, 
appearance of micronuclei at telophase-II and microspores with different 
constitutions of micronuclei was isolated in Capsicum by gamma rays 
(Sadanandam & Subash, 1985). Monosomies were isolated by irradiation of 
pollen by gamma rays and by irradiation of seeds by thermal neutrons in 
cotton {Gossypium hirsutum L.) (Sanamyan et al, 2000). Monosomies showed 
rare trivalents or additional univalents. Partial desynapsis was also detected 
in some monosomies. The radiations induced primary tiisomics in grasspea 
(Lathyrus sativus L.) (Biswas & Biswas, 2004). In tiisomic the formation of a 
univalent was more common than that of a tiivalent, although bivalent 
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association was predominant. Reduced chiasma frequency and more frequent 
occurrence of unequal anaphasic separation of chromosomes may be 
attiibuted to reduced pollen fertility in the tiisomic. 
Gamma rays-induced six autotriploids were isolated in Capsicum 
annuum L. The tiiploids showed reduced chiasma frequencies and were 
characterized by large sized dark green leaves, stomata, pollen grains, flowers 
and fruits, besides longer petiole and greater plant spread (Aniel Kumar & 
Raja Rao, 2003). 
B. Mitotic Studies: 
Radiations induce an increase in mitotic index (MI) and frequency of 
chromosomal aberrations in Chrysanthemum (Verma & Chandel, 1994), while 
the mitotic index reduced gradually as the concentrations of Maleic 
Hydrazide increased in Trigonella foenum-graecum L. (Jabee et al, 2008). 
Aneuploids with reduced MI and pollen fertiUty were isolated by gamma 
rays irradiation of pollen in cotton plant [Gossypium hirsutum L.) (Sanamyan, 
2003). Laggards, fragments, stickiness of chromosomes and bridges were most 
frequently observed mitotic abnormalities in aniline tieated Vicia faba L. 
(Agarwal & Ansari, 2001). 
The insecticide Temik 15G (Decarb) reduced the mitotic activity of 
Vicia faba root tip cells and produced different kinds of abnormalities 
(Ghareeb & George, 1997). Higher doses of sodium azide (SA) were found to 
be mitodepressive in Trigonella foenum-graecum L. (Mendhulkar et al, 2005). 
The sodium azide (SA) increased the incidences of chromosomes stickiness, 
bridge formation, precocious separation and laggards in root tips cells of 
Trigonella foenum-graecum and there was an increase in chromosomal 
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aberrations in a dose dependent manner (Siddiqui et ah, 2007). Chromosomal 
aberrations like stickiness, laggards, chromatin bridges, C-metaphase, 
fragmentation and binucleate cells increased with the increasing 
concentrations of mercuric chloride and lead nitrate in Allium cepa L. (Kumar 
& Tripathi, 2003). 
In the light of above summarized Hterature, it may be concluded that a 
great deal of work has been done on the mutagenic properties of different 
radiations and chemicals in several plants. But a meager literature is available 
on the response of eggplant {Solatium melongena L.) to different kinds of 
radiations and chemicals. Therefore, at present gamma rays, methyl methane 
sulphonate (MMS), dimethyl sulphate (DMS) and diethyl sulphate (DES) have 
been employed to assess their mutagenicity and cytogenetic assay in eggplant 
{Solanum melongena L.) in Mi, M2 and M3 generaltions to induce 
genetic/morphological variabihties for the selection of mutants which may be 
better than the existing strains. 
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CHAPTER-3 
MATERIALS AND METHODS 
I. MATERIALS: 
Solatium melongena L. has been selected for the present experiment. The 
effect of physical mutagen (gamma rays) and chemical mutagens (MMS, DMS 
and DES) has been studied on cytomorphological characters of Solarium 
melongena L. 
A. Varieties Used: 
Two commercial varieties of brinjal (Solanum melongena L.) viz. Pusa 
Uttam (PU) and Pusa Purple Long (PPL) were used for the study, A brief 
description of these two varieties is given below. 
Table A. Brief Description of the Two Varieties viz. Pusa Uttam & Pusa Purple 
Long of Solanum melongena L. 
Salient Features 
Plants are non spiny. It is an early 
maturing and oval fruited type variety. 
Fruits are glossy, dark purple, smooth, 
tender and medium sized. 4 to 5 fruits 
in one kg. Crop is ready for first 
picking in 85 days after sowing. 
Suitable for spring and autumn 
plantings, average yield is 40 t/ha. 
Recommended for Northern plains, 
Gujrat and Maharashtra. 
S.No. 
1. 
Variety 
Pusa 
Uttam 
(PU) 
Releasing 
Authority 
lARI, 
New 
Delhi 
Procured 
from 
lARl, 
New 
Delhi, 
India 
2. Pusa 
Purple 
Long 
(PPL) 
lARl, 
New 
Delhi 
NSC, 
lARl 
Campus, 
New 
Delhi, 
India 
Plants are spiny. It is an extra early 
fruiting and long fruited type variety. 
Fruits are glossy, light purple in colour, 
smooth and tender. Crop is ready for 
first picking in 75 to 80 days after 
sowing. Suitable for spring and autumn 
plantings, average yield is 27.5 t/ha. It 
is moderately tolerant to shoot borer 
and little leaf disease. Recommended 
for Northern plains. 
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B. Mutagens Used: 
The following four mutagens were used separately. The 
doses/concentrations of each mutagen used in the present study are given 
below. 
Table B. Details of Gamma Rays, MMS, DMS and DES Treatments Given 
to Brinjal Seeds Var. Pusa Uttan & Pusa Purple Long. 
Mutagens 
Used 
Gamma 
Rays 
MMS 
DMS 
DES 
Control 
Doses/ 
Cone. 
5kR 
10 kR 
15 kR 
20 kR 
25 kR 
0.05% 
0.075% 
0.10% 
0.25% 
0.50% 
0.10% 
0.25% 
0.50% 
0.75% 
1.00% 
0.10% 
0.25% 
0.50% 
0.75% 
1.00% 
-
Duration of 
Presoaking 
(h) 
-
-
-
-
-
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
Duration 
of 
Treatment 
(h) 
-
-
-
-
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
-
PH 
-
-
-
-
-
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
-
No. of 
Seeds 
Treated 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
II. METHODS: 
A. Preparation of Mutagenic Solutions: 
One percent stock solutions of methyl methane sulphonate (MMS), 
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dimethyl sulphate (DMS) and diethyl sulphate (DES) were prepared and then 
different concentrations were prepared by using the following formula: 
SlVl=S2V2 
Where: 
Si = Strength of stock solution 
Vi = Volume of stock solution 
S2 = Strength of desired solution 
V2 = Volume of desired solution 
The specificity of the action of chemical mutagen depends upon 
particular conditions of treatment, the more important of which are 
temperature and hydrogen ion concentration of mutagenic solution. During 
the course of present study, solutions of MMS, DMS and DES were prepared 
by dissolving appropriate quantities of these chemicals in phosphate buffer 
having a pH 7.0 and the final pH adjusted to 7.0 by adding few drops of 
normal NaOH/HCl with the help of Backman's pH meter. 
B. Method of Treatment with Chemical Mutagens: 
Prior to the mutagenic treatment the seeds were presoaked in distilled 
water for 12 hours at room temperature (25±1). After the completion of 
presoaking period the seeds were kept on blotting paper so as to remove 
small droplets of water adhering to the surface of seeds. Thereafter the seeds 
were treated in different concentrations of chemical mutagens for 24 hours. 
The control seeds were also soaked in distilled water but kept untreated for 
simultaneous physiological activities, as that of treated seeds. 
During chemical mutagenic treatments the intermittent shaking was 
given throughout the treatment period to facilitate sufficient aeration and 
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maintenance of uniform concentration of mutagen around the seeds. After the 
treatment period, the treated seeds were thoroughly washed in running tap 
water before they were sown in earthen pots. 
C Sample Size: 
In each variety a set of 200 seeds was used for each dose including the 
control. Out of these seeds, 150 seeds in each treahnent were sown in earthen 
pots and then transplanted to field at 4 to 5 leaves stage for morphological 
and cytological studies, whereas the remaining set of 50 seeds was also sown 
in separate earthen pots for measuring root-shoot length (Seedling Height), 
D. Sowing of Seeds: 
The treated as well as untreated seeds were sown in 30 cm diameter 
earthen pots (50 seeds in each pot) for raising the seedlings. When the 
seedlings developed 4 to 5 leaves, were transplanted to well prepared 
experimental field in a complete randomized block designs (CRBD) in three 
replicates. 
Recommended agronomical practices were employed for the 
preparation of field, sowing and subsequent management of populations to 
raise a nice crop. 
III. EVALUATION IN Mi GENERATION: 
A. Seed Germination: 
Germination data were recorded every alternate day upto 30 days after 
sowing, till the maximum germination was attained. The germination 
percentage based on number of seeds sown and germinated, was calculated 
by the following formula: 
^ . ^ Ti . No. of seeds germinated 
Germmation Percentage = xlOO 
No. of seeds sown 
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The delaying effect of mutagens on germination was recorded on the 
basis of extra days taken for germination in treated populations as compared 
to control. 
B. Percentage Inhibition in Seed Germination: 
Percent inhibition in seed germination was calculated by using 
following formula: 
Germination Inhibition or Injury (%) = 
No. of seeds germinated in control - No. of seeds germinated in the treated population 
xlOO 
No.of seeds germinated in control 
C. Frequency of Morphological Variations/Mutations: 
The morphological variations/mutations were scored on the basis of 
characters in control plants and their deviations in the treated populations at 
older stage (75 days old). Following formula was adopted to calculate the 
frequency of variations/mutations. 
Variation Frequency (%) = 
No. of varied plants at older stage (M, Generation^ 
Total no.of germinated seedlings 
•xlOO 
Mutation Frequency (%) = 
No. of mutated plants at older stage (M^ /M3Generation) 
Total no. of germinated seedlings 
D. Plant Survival and Lethality: 
The surviving plants in control and different treatments were counted 
at the time of maturity. The survival and lethality were counted by the 
following formulae: 
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, , „ . , ,„,, No. of plants survived at maturity ^^„ 
(a) Survival (%) = ^ i-xlOO 
No. of seeds germinated 
(Calculated in both control and treated populations) 
(b) Lethality (%) = 
No. of plants survived in control - No. of plants survived in treated population xlOO 
No. of plants survived in control 
E. Seedling and Plant Morphology: 
The parameters of morphological variations/mutations were the size 
and shape of cotyledonary and vegetative leaves at seedling stage, the leaf 
morphology, growth, branching, fruiting, fruit size were the parameters of 
morphological variations/mutations at older plant stage (75 days old) in 
control and treated populations. 
F. Seedling Height-
Seedling height was calculated on 12* day of germination of seeds in 
pots by measuring root and shoot length of randomly selected seedlings from 
each treatment as well as control. Seedling injury was estimated by reduction 
in the root and shoot lengths, calculated in terms of percentage. 
Seedling Height Injury = 
Height of control seedlings - Height of treated seedlings 
Height of control seedlings 
G. Quantitative Characters: 
Following eight quantitative characters were statistically analyzed to 
assess the extent of induced variability in Mi generation. 
' (a) Plant Height (cm) 
(b) Number of Branches /Plant 
(c) Number of Fruits /Plant 
32 
MATERIALS & METHODS 
(d) Fruit Length (cm) 
(e) Fruit Diameter (cm) 
(f) Fruit Weight (g) 
(g) Weight per 1000-Seeds (g) 
(h) Yield per Plant (kg) 
Data related to these characters were taken from 30 randomly selected 
plants in control and treated populations and divided by the number of plants 
or observations to obtain the average in their respective units. 
H. Cytological Studies: 
(a) Meiotic Abnormalities: 
Cytological studies were carried out in pollen mother cells (PMCs) by 
fixing young flower buds from each treatment as well as contiol. 
Flower buds of appropriate size were collected randomly from the 
plants of Ml generation and fixed in Carnoy's solution (Absolute 
Alcohol:Chloroform:Glacial Acetic Acid in 6:3:1 ratio) for 1-2 hours, 
tiansferred in propionocarmine saturated with ferric acetate for 24 hours. 
After a repeated washing in 70% alcohol anthers were squashed in 0.5% 
propionocarmine (Swaminathan et ah, 1954). The sUdes were made permanent 
using n-Butyl Alcohol Schedule (Bhaduri & Ghosh, 1954). The 
photomicrographs were taken by Olympus CH20i research photomicroscope. 
(b) Pollen Fertility: 
Fresh anthers of randomly selected contiol and tieated plants were 
squashed in 1% acetocarmine. Fully stained, full sized pollen grains with 
smooth and regular out line were counted as fertile, while unstained, empty, 
shrunken and deshaped pollen grains were counted as sterile. The percentage 
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of pollen fertility in each dose/concentration was calculated by using the 
following formula: 
„ „ ^ .,. ,„,. No. of fertile pollen grains 
Pollen Fertility (%) = xlOO 
Total no. of pollen grains 
(c) Reduction in Pollen Fertility (Sterility): 
The percentage inhibition or reduction in pollen fertility was calculated 
by the formula: 
Reduction in Pollen Fertility (%) 
_ Pollen fertility in control - pollen fertility in treated population 
Pollen fertility in control 
(d) Selfing: 
The selected variants were selfed in Mi generation to induce 
homozygosity and for screening of the mutants in M2 generation. 
IV. EVALUATION IN M2 GENERATION: 
The collected seeds in Mi generation were harvested separately in 
treated as well as control populations. A set of control seeds and all those 
obtained from treated populations of Mi generation were sown for study in 
M2 generation. Three replicates were maintained in each treatment. 
A. Mutagenic Effectiveness and Efficiency: 
The methods of calculating mutagenic effectiveness and efficiency 
were suggested by Konzak et al. (1965) and Walther (1969). Mutagenic 
effectiveness is a measure of the frequency of mutations induced by unit dose 
of a mutagen (kR in case of gamma rays or time x concentration in case of 
chemical mutagen), while mutagenic efficiency represents the proportion of 
mutations in relation to the biological damage. 
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The formulae suggested by Konzak et al. (1965), were used to evaluate 
mutagenic effectiveness and efficiency of the mutagens. 
(a) (i) Mutagenic effectiveness (in case of physical mutagen) 
_ Mutation rate (M ^  family or population basis) M p 
Dose in kiloRontgen (kR) 
Where: 
Mp = Percentage of mutated plant progenies (mutation rate in M2) 
(ii) Mutagenic effectiveness: (in case of chemical mutagen) 
_ Mutation rate (M ^  family or population basis) M p 
Concentration of mutagen (C) x Duration of treatment in hours (T) 
(b) Mutagenic efficiency 
_ Percentage of mutated plant progenies (mutation rate in M 2) M p 
* Biological damage in M ^  generation 
*Biological Damage: For measuring the biological damage two different 
criteria were used. 
(i) Injury (I): Percentage inhibition in seed germination 
(ii) Sterility (S): Percentage reduction in pollen fertility or percentage pollen 
sterility 
B. Studies on Different Morphological Traits: 
For morphological studies the parameters were similar to those in Mi 
generation. These include: height, No. of branches, No. of fruits, fruit weight, 
fruit length, fruit diameter, weight per 1000-seeds and yield per plant. 
C. Cytological Studies: 
Cytological studies in M2 progeny were carried out as in Mi 
generation. 
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D. Selfing: 
The selected mutants were selfed in M2 generation also. 
V. EVALUATION IN M3 GENERATION: 
The plants in M3 generation were raised from the seeds obtained from 
the selected mutants of M2 generation and studied separately along with 
Control population. The characters studied in M3 generation were same as in 
,M2 generation. 
VI. STATISTICAL ANALYSIS: 
The data recorded on different characters due to mutagenic treatments 
have been subjected to statistical analysis with a view to find the individual 
and comparative effects of different mutagens. 
A. Mean (X): 
The mean value was computed by taking tlie sum of a number of 
observations and dividing it by the total number of observations recorded. 
X =(Xl+X2 Xn)/N 
Or X = Z X / N 
Where Xi, X2 Xn= Observations 
N= Total No. of observations recorded 
B. Standard Deviation (SD, a): 
Standard deviation is the positive square root of the average of sum of 
squares of deviations of all observations from their means. It is calculated by 
the following formula. 
S D „ „ , ('<,->')'^P<.-X)' (X.-X)' 
N 
o, P^-^^ 
N 
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X = Mean of the observations involved 
Xi Xn= Individual observations 
N = No. of observations 
C. Coefficient of Variations (CV): 
It measures the relative magnitude of the variations present in 
observations relative to the magnitude of their arithmetic mean. It is defined 
as the "Rate of standard deviation to arithmetic mean expressed as 
percentage. 
p.^ _ Standard Deviation ^ „„ 
Mean 
D. Least Significant Difference (LSD): 
The least significant difference was appUed and computed as follows: 
Step 1: According to treatment given, construction of data table for 
treatments and 3 replicates. 
The data were compiled in such a way that each treatment occupies a 
row and their replicates were arranged in column e.g. taken from gamma 
rays. 
Column 
(Treatments) 
Ti 
T2 
T3 
T4 
T5 
Te 
Column (Replicates) 
Ri 
Ai 
Bi 
Ci 
Di 
El 
Fi 
R2 
A2 
B2 
C2 
D2 
E2 
F2 
R3 
A3 
B3 
C3 
D3 
E3 
F3 
Total of Rows 
(Treatments) 
A1+A2+A3 = Xn 
B1+B2+B3 =Xr2 
C1+C2+C3 =Xr3 
D]+D2+D3=Xr4 
E1+E2+E3 =Xr5 
F1+F2+F3 =Xr6 
Total of Ai + Fi = XCi, A 2+ F2= XC2, A3+ F3= XC3= Grand total (G) 
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Step 2: Correction Factor (CF). 
CF = (G)2/TxR 
Where: 
T = Number of treatments 
R - Number of replications 
Step 3: Total Sum of Squares (TSS): This is the sum of square of all the 
observations minus correction factor 
TSS = [(Ai)2 + (Bi)2+ (F3)2]-CF 
Step 4: Replication Sum of Squares (RSS). 
RSS = (XC,f+(XC,)-+(XC3)^ ^P 
T 
Where: 
T = No. of treatments 
Step 5: Treatment Sum of Squares (TrSS). 
R 
Where: R = Number of replications 
Step 6: Error Sum of Squares (ESS). 
' ESS = TSS - (RSS - TrSS) 
Step 7: Construction of ANOVA table. 
Source 
Rephcation 
Treatment 
Error 
Degree of 
Freedom 
R-1 
T-1 
(R-1) (T-1) 
SS 
RSS 
TrSS 
ESS 
MS 
RSS / R-1 = RMS 
TrSS / T-1 = TrMS 
ESS / (R-1) (T-1) = EMS 
F. value 
TrMS/EMS 
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Step 8: Least significant difference based on ordinary test. 
LSD at 5% level = / ™ S x (t value at 5% level) 
LSD at 1% level = . p ^ x (t value at 1% level) 
Where: 
t = Tabulated value 
If the difference between any two samples means exceeding the LSD 
value obtained at 5% level and/or 1% level, the difference between the two 
means is said to be significant at 5% or 1% level respectively. 
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CHAPTER-4 
OBSERVATIONS 
The mutagenic effect of gamma rays, methyl methane sulphonate 
(MMS), dimethyl sulphate (DMS) and diethyl sulphate (DBS) were studied on 
morphology and cytology of two varieties of eggplant viz. pusa uttam (PU) 
and pusa purple long (PPL). Different parameters, such as seed germination, 
variation/mutation frequency, plant survival, pollen fertility, seedUng height, 
height of mature plants, no. of branches per plant, no. of fruits per plant, fruit 
weight per plant, fruit size, 1000-seeds weight and yield per plant were 
selected for morphological study. The univalents, multivalents, stickiness, 
secondary associations of chromosomes, precocious movement of 
chromosomes, stray chromosomes, translocation rings, spindle rotation, 
laggards, bridges, unequal separation of chromosomes, disturbed polarity, 
tripolar condition and chiasma frequency were considered for cytological 
study in Mi, M2 and M3 generations. Variants were selected from the treated 
populations on the basis of their cytomorphological changes as compared to 
control population in Mi generation. The flowers were selfed and the seeds so 
obtained sown in M2 generation, wherein the selected mutants were studied 
in detail. A set of untreated seeds was also sown as control. The data were 
analyzed statistically. 
I. MORPHOLOGICAL STUDIES IN Mi GENERATION: 
A. Seed Germination: 
Seed germination was counted from 5"^  to 30* days after sowing till the 
maximum germination in control as well as treated seeds was attained. 
Percentage of seed germination decreased with increasing 
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doses/concentrations of all four mutagens in both varieties. It decreased from 
81.33 % (control) to 54.67% in 25 kR gamma rays, 51.33% in 0.50% MMS, 
53.33% in 1.00% DMS and 54.67% in 1.00% DES dose/concentrations in var. 
PU (Tables 1- 2, Graphs 1-4), while in PPL the germination decreased from 
78.00% (Control) to 51.33% in 25 kR gamma rays, 50.00% in 0.50% MMS, 
50.67% in 1.00% DMS and 52.00% in 1.00% DES dose/concentrations (Tables 
3-4, Graphs 5-8). 
In general, the germination started on 5"^  and 7"^  day after sowing in 
PU and PPL respectively in control as well as in lower concentrations of the 
treated populations. Moreover, the maximum time periods taken for initiation 
of seed germination were 9, 13, 11, 11 days in gamma rays, MMS, DMS and 
DES respectively in variety PU, while in variety PPL 11, 17, 13, 13 days in 
gamma rays, MMS, DMS and DES respectively (Tables 1-4). 
The maximum inhibition in seed germination was observed to be 
36.89% in 0.50% MMS followed by 34.43% in 1.00% DMS, 32.78% in 1.00% 
DES as well as 25 kR gamma rays in variety PU (Tables 1-2). Whereas in PPL 
it was 35.90% in 0.50% MMS followed by 35.05% in 1.00% DMS, 34.19% in 25 
kR gamma rays and 33.33% in 1.00% DES (Tables 3-4). 
B. Morphological Abnormalities at Seedling Stage: 
The immediate effect of physical and chemical mutagens appeared at 
seedling stage upto the formation of cotyledonary and few vegetative leaves 
in Ml generation. In control, the seedlings were normal with two cotyledonary 
leaves which were green acute, attenuate, entire, opposite, linear and equal in 
size (Plate lA and 2A). Vegetative leaves in normal seedlings were green 
round, obtuse, entire, opposite, ovate and unequal in size, because one 
vegetative leaf comes out first followed by the other with a time gap (Plate lA 
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and 2A). 
Various abnormalities were observed in cotyledonary and first pair of 
vegetative leaves in the treated populations, such as curled and obtuse apex, 
unequal cotyledonary leaves (Plate IB), unequal (Plate IC); deshaped 
cotyledonary leaves (Plate ID) in gamma rays treatments; notched vegetative 
leaves (Plate IE), three cotyledonary leaves with two fused and one free (Plate 
IF); three cotyledonary leaves, all free, broad, leathery (Plate IG) in MMS 
treatments; reduced angle between both cotyledonary leaves due to their 
shifting to one side (Plate IH), three cotyledonary leaves, narrow, one leaf 
smaller (Plate II); cotyledonary leaves fused at base (Plate IJ) in DMS 
tieatments; cotyledonary leaves fused at base (Plate IK) cind rounded apex 
vegetative leaves, obtuse (Plate IL) in DES treatments in variety PU. 
However, in variety PPL the observed abnormalities in cotyledonary and 
vegetative leaves were: refuse and acute apices in cotyledonary leaves (Plate 
2B); one rudimentary and the other bigger cotyledonary leaf (Plate 2C) in 
gamma rays treatments; three cotyledonary leaves out of which two are fused 
along the margins, apices free (Plate 2D), fused cotyledonary leaves at basal 
margins (Plate 2E); two pairs of unequal vegetative leaves, smaller ones are 
rudimentary (Plate 2F) in MMS treatments; reduced angle between 
cotyledonary leaves due to their shifting to one side (Plate 2G), three unequal 
cotyledonary leaves (Plate 2H); one bigger, leathery and laterally notched 
cotyledonary leaf while the other one is smaller (Plate 21) in DMS treatments; 
refuse apex in one cotyledonary leaf (Plate 2J), obtuse apices in vegetative 
leaves (Plate 2K) and deshaped cotyledonary leaves (Plate 2L) in DES 
treatments. 
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C. Frequency of Variations at Older Stage: 
The variations in control populations were absent. The frequency of 
variations at older plant (75 days old) stage was found to increase with 
increasing doses/cone, of mutagens in both varieties. It ranged between 9.47 -
29.21% in 5- 25 kR gamma rays, 17.68 - 56.81% in 0.05 - 0.50% MMS, 18.58 -
49.95% in 0.10 - 1.00% DMS and 13.50 - 40.32% in 0.10 - 1.00% DES in variety 
PU (Tables 1-2, Graphs 9-12). In variety PPL it ranged between 10.35 - 31.55% 
in 5- 25 kR gamma rays, 20.17 - 57.18% in 0.05 - 0.50% MMS, 17.68 - 55.09% 
and 8.52 - 41.33% in 0.1 - 1.00% DMS and DES respectively (Tables 3-4, 
Graphs 13-16). The order of induction of morphological anomalies by 
mutagens was MMS>DMS>DES>Gamma rays in both varieties (PU and PPL). 
D. Seedling Height (Growth): 
The height of control and treated seedlings was recorded on 12* day 
after the onset of germination. The mean values of seedling height decreased 
with increasing doses/concentrations of all four mutagens in both varieties. 
The average height reduced gradually from 11.08 cm in control to 7.11 cm in 
25 kR gamma rays, 5.31 cm in 0.50% MMS, 5.20 cm in 1.00% DMS and 5.45 cm 
in 1.00% DES in variety PU (Tables 5-6, Graph 33), whereas in variety PPL it 
reduced linearly from 10.40 cm in control to 6.38 cm in 25 kR gamma rays, 
5.14 cm in 0.05% MMS, 5.20 cm in 1.00% DMS and 5.24 cm in 1.00% DES 
(Tables 7-8, Graph 34). 
The percentage of height injury was calculated on the basis of reduction in 
seedling height, Both varieties responded differently to different mutagenic 
treatments. The highest percentages of seedling injury (35.83 and 38.65 
percent) were noticed in variety PU and PPL respectively in 25 kR gamma 
rays (Tables 5, 7; Graphs 33-34); 52.07 and 50.58 percent in varieties PU and 
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PPL respectively in 0.50% MMS (Tables 5, 7; Graphs 33-34); 53.07 and 50.00 
percent in varieties PU and PPL respectively in 1.00 % DMS; 50.81 and 49.62 
percent in varieties PU and PPL respectively in 1.00 % DES (Tables 6 & 8, 
Graphs 33-34). 
E. Plant Survival: 
The survival of plants decreased with an increase in dose/cone, in 
almost all four mutagens in both varieties viz. PU and PPL (Tables 1-4, 
Graphs 17-24). The percentage of plant survival reduced gradually from 
92.62% (control) to 68.03% in 25 kR gamma rays, 57.38% in 0.50% MMS, 
55.74% in 1.00% DMS and 59.84% in 1.00% DES in variety PU (Tables 1-2, 
Graphs 17-20), whereas in variety PPL it reduced linearly from 89.74% 
(control) to 63.25% in 25 kR gamma rays, 50.43% in 0.05% MMS, 52.99% in 
1.00% DMS and 55.55% in 1.00% DES (Tables 3-4, Graphs 21-24). 
The highest lethality 39.82% in the variety PU and 43.80% in variety 
PPL was recorded at 1.00% DMS and 0.50% MMS treatments respectively. The 
order of plant lethahty was DMS>MMS>DES>gamma rays in variety PU and 
MMS>DMS>DES>gamma rays in variety PPL. However, variety PPL was 
more sensitive than variety PU as the survival in PPL was more adversely 
affected by mutagens. 
F. Pollen Fertility: 
Pollen fertility is also an important parameter in mutation breeding. It 
reduced with the increasing doses/concentrations of all four mutagens, 
showing a linear dependence of fertility on doses/concentrations. Generally 
the percentages of pollen fertility in control were 92.04 and 90.60 in PU and 
PPL respectively, but these decreased in most of the treatments in Mi 
generation, from 91.01 - 66.08% and 88.14 - 63.83% in 5-25 kR gamma rays; 
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78.02 - 58.13% and 71.14 - 52.42% in 0.05 - 0.50% MMS; 88.05 - 58.81% and 
86.29-56.19% in 0.10 -1.00% DMS; 89.01 - 60.03% and 87.32 - 55.22 in 0.10 -
1.00% DES in varieties PU and PPL respectively (Tables 1-4, Graphs 25-32). 
The MMS was highly effective on pollen fertility followed by DES, DMS and 
gamma rays in both varieties. 
Consequently the relative reduction in pollen fertility was observed 
maximum in 0.50% MMS (36.84 percent) followed by 1.00% DMS (36.10 
percent), 1.00% DES (34.78 percent) and 25 kR gamma rays (28.20 percent) in 
variety PU (Tables 1-2), while in variety PPL the relative reduction was 
observed maximum in 0.50% MMS (42.14 percent) followed by 1.00% DES 
(39.05 percent), 1.00% DMS (37.98%) and 25 kR gamma rays (29.55 percent) 
(Tables 3-4). Both varieties responded differently to mutagens. 
G. Quantitative Characters: 
(a) Height of Mature Plants: 
Average height of mature plants generally decreased with increasing 
doses/concentrations of mutagens. The average height reduced more or less 
linearly in variety PU from 77.50 cm (control) to 56.24 cm in 25 kR gamma 
rays, 53.24 cm in 0.50% MMS, 50.16 cm and 54.03 cm. in 1.00% DMS and DES 
respectively (Tables 9-12, Graphs 35-38). In variety PPL the average height 
reduced gradually from 54.17 cm (control) to 41.33 cm in 25 kR gamma rays, 
38.43 cm in 0.50% MMS, 40.33 cm and 40.10 cm in 1.00% DMS and DES 
respectively (Tables 13-16, Graphs 39-42). Moreover, in DES the decrease was 
not in linear order in variety PPL (Graph 42). Average heights of mature 
plants were highly affected by DMS in varieties PU and PPL. 
The coefficient of variations in PU increased from 3.10% (control) to 
6.56% in 25 kR gamma rays, to 8.60% in 0.50% MMS, to 10.15% in 1.00% DMS 
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and to 8.22% in 1.00% DES (Tables 9-12). In PPL also the CV exhibited 
increasing trend from 3.56% (control) to 8.08%, 9.32%, 10.17% and 9.05% in 
the highest dose/cone, of gamma rays, MMS, DMS and DES respectively 
(Tables 13-16). In lower doses of gamma rays (10 kR), MMS (0.05%), DMS 
(0.10%) the average height decreased to 5% level of significance and the 
decrease was significant at 1% level in 15 kR gamma rays, 0.075% MMS and 
0.25% DMS and DES and their onward doses in variety PU (Tables 9-12). In 
PPL also the same trend was followed in gamma rays and MMS treatments 
but the decrease was significant at 1% level only in 0.10% DMS and 0.50% 
DES and their onward doses (Tables 13-16). 
(b) Number of Branches per Plant: 
The mean values of branches per plant slightly increased over control 
(11.50) in 5 kR gamma rays (12.00) and 0.10% DES (12.03) in variety PU, while 
in still higher doses/cone, they followed decreasing trend from 11.00 to 7.00 
in 10 - 25 kR gamma rays and 11.00 to 7.07 in 0.25 - 1.00% DES treatments 
(Tables 9,12; Graphs 43, 46). In MMS and DMS there was no enhancing effect, 
rather they decreased linearly from 10.53 to 5.80 in 0.05% - 0.50% MMS and 
11.03 to 6.00 in 0.10% -1.00% DMS treatments in PU (Tables 10-11, Graphs 44-
45). However, in variety PPL the increase in mean values was obtained over 
control (10.00) in 5 kR gamma rays (12.10) and 0.10% DES (12.07) treatments, 
but in still higher doses the mean values shifted in negative direction from 
10.00 to 8.00 in 10 kR gamma rays and 10.00 to 6.10 in 0.25 - 1.00% DES 
treatments (Tables 13, 16; Graphs 47, 50). In MMS and DMS there was no 
enhancing effect in variety PPL also, rather they decreased linearly from 9.03 
to 5.17 in 0.05% - 0.50% MMS and 9.70 to 6.00 in 0.10% - 1.00% DMS 
treatments (Tables 14-15, Graphs 48- 49). 
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The maximum values of increase in CV were noticed in 25 kR gamma 
rays (41.14%) and 0.50% MMS (47.97%) treatments in varieties PU and PPL 
respectively (Tables 9, 14). In a single lower dose of MMS (0.05% only) the 
mean value of no. of branches per plant decreased to 5% level of significance, 
but the decrease was significant at 1% level in 15 kR gamma rays, 0.075% 
MMS, 0.50% DMS and DES and their onward doses in variety PU (Tables 9-
12). In PPL the average no. of branches per plant increased over control at 1 % 
level of significance in 5 kR gamma rays and 0.10% DES. Whereas these 
values decreased to 5% level of significance in 15 kR gamma rays, 0.05% 
MMS, 0.25% DMS and 0.50% DES treatments, whereas these decreased to 1% 
level in 20 kR gamma rays, 0.075% MMS, 0.50% DMS and 0.75% DES and in 
their onward doses in PPL (Tables 13-16). 
(c) Number of Fruits per Plant: 
The mean values with regard to no. of fruits per plant consequently 
increased over control (11.87) in 5 kR gamma rays (12.80) and 0.10% DES 
(12.17) treatments, while in still higher doses/cone, they followed decreasing 
trend from 11.80 to 10.33 in 10 - 25 kR gamma rays and 11.47 to 10.10 in 0.25 -
1.00% DES treatments in variety PU (Tables 9, 12; Graphs 51, 54), whereas 
they followed a decreasing trend from 11.73 to 9.37 in 0.05 - 0.50% MMS and 
11.43 to 9.83 in 0.10 - 1.00% DMS treatments in variety PU (Tables 10-11, 
Graphs 52-53). However, in variety PPL the increase in mean values was 
obtained over control (12.40) in 5 kR gamma rays only (13.27), while in still 
higher doses of gamma rays and all concentrations of MMS, DMS and DES 
they followed decreasing trend from 12.03 to 9.40 in 10 - 25 kR gamma rays, 
12.00 to 8.40 in 0.05 - 0.50% MMS, 12.20 to 8.63 in 0.10 -1.00% DMS and 12.17 
to 8.90 in 0.10-1.00% DES treatments (Tables 13-16, Graphs 55-58). 
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The maximum increase in CV were attained in 0.50% MMS (31.27%) 
and 1.00% DES (37.08%) treatments in varieties PU and PPL respectively 
(Tables 10 & 16). The mean values of no. of fruits per plant decreased to 5% 
level of significance in 25 kR gamma rays, 0.10% MMS and 0.75% DMS 
treatments, but the decrease was significant at 1% level in 0.25% and 0.50% 
MMS, 1.00% DMS and 1,00% DES in variety PU (Tables 9-12). In PPL it 
decreased to 5% level of significance in 0.075% MMS and 0.25% DMS 
treatments only, whereas the decrease was significant at 1% level in 20 kR 
gamma rays, 0.10% MMS, 0.50% DMS and 0.75% DES and in their higher 
doses/cone, in PPL (Tables 13-16). 
(d) Fruit Weight per Plant: 
Average fruit weight per plant increased over control (252.03 g) in 5 kR 
gamma rays (260.03 g), while in still higher doses these followed a decreasing 
trend from 250.10 to 225.10 g in 10 - 25 kR gamma rays in variety PU (Table 9, 
Graph 59). In other mutagens it decreased gradually from 245.03 to 210.07 g in 
0.05 - 0.05% MMS, 246.13 to 216.17 g in 0.10 -1.00% DMS and 248.03 to 222.60 
g in 0.10 - 1.00% DES in variety PU (Tables 10-12, Graphs 60-62). In variety 
PPL also the average fruit weight per plant increased over control (137.40 g) 
in 5 kR gamma rays (149.03 g), but decreased in higher doses from 137,07 to 
128.03 g in 10 - 25 kR (Table 13, Graph 63), while it decreased gradually from 
132,03 to 118,03 g in 0,05 - 0.50% MMS, 134.03 to 125.07 g in 0.10 - 1.00% DMS 
and 136.03 to 127.03 g in 0.10 - 1.00% DES treatments (Tables 14-16, Graphs 
64-66). 
In the case of fruit weight the increase in CV in inter 
doses/concentrations is significant but in intra dose/concentration the values 
of CV are more or less constant. Because the maximum increase in CV in 
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gamma rays is 1.85%, in MMS 1.94%, in DMS 1.79% and in DES 1.85% in 
variety PU (Tables 9-12). In PPL the maximum increase was 4.27 in gamma 
rays, 4.52 in MMS, 3.98 in DMS and 4.90 in DES (Tables 13-16). The significant 
decrease in mean values at 5% level was attained in 25 kR gamma rays, 0.10 & 
0.25% MMS, 0.75% DMS treatments, while the significant decrease in mean 
values at 1% level was recorded in 0.5% MMS and 1.00% DMS in variety PU 
(Tables 10 & 11). Whereas in PPL the significant decrease in mean values at 
5% and 1% levels were observed in 0.25% and 0.50% MMS treatments 
respectively (Table 14). 
The average fruit weight per plant decreased insignificantly in DES 
treatments in PU (Table 12) and in gamma rays, DMS and DES in PPL (Tables 
13,15,16). 
(e) Fruit Length: 
Mean values with regard to fruit length increased over control (9.84) in 
5 kR gamma rays (10.20 cm), while in still higher doses of gamma rays and in 
all concentrations of MMS, DMS and DES treatments they followed 
decreasing trend ranging between 9.70 - 8.12 cm in 10 - 25 kR gamma rays, 
9.40 - 8.00 cm in 0.05 - 0.50% MMS, 9.56 - 8.32 cm in 0.10 - 1.00% DMS and 
9.70 - 8.54 cm in 0.10 - 1.00% DES in variety PU (Tables 9-12, Graphs 67-70). 
Similar trend was followed in variety PPL in which the mean value increased 
from 20.80 cm (control) to 21.64 cm in 5 kR gamma rays, while in still higher 
doses of gamma rays and in all concentrations of MMS, DMS and DES 
treatments they followed decreasing trend (Tables 13-16, Graphs 71-74). 
Moreover the decreased length of the fruits was significant in gamma rays, 
MMS and DMS in variety PU only, while in DES treatments in PU and all 
mutagens in PPL the effect was insignificant (Tables 9-16). 
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The maximum increase in CV was obtained in 1.00% DMS (22.48%) in 
variety PU and in 0.50% MMS (21.31%) in variety PPL (Tables 11 & 14). 
Moreover, in 0.25% MMS, 0.75% DMS treatments the length decreased to 5% 
level, while in 25 kR gamma rays, 0.50% MMS and 1.00% DMS in variety PU 
it decreased to 1% level (Tables 9-11), 
(f) Fruit Diameter: 
Average fruit diameter increased insignificantly over control (8.44 cm) 
in 5 kR (8.70 cm) and 10 kR (8.50 cm) gamma rays, while in still higher doses 
of gamma rays and in MMS, DMS and DES treatments they followed 
decreasing trend from 8.36 to 8.21 cm in 15 - 25 kR gamma rays, 8.36 to 7.54 
cm in 0.05 - 0.50% MMS, 8.40 to 7.60 cm in 0.10 - 1.00% DMS and 8.42 to 7.73 
cm in 0.10 - 1.00% DES in variety PU (Tables 9-12, Graphs 75-78). In variety 
PPL also the mean value increased over control (3.45 cm) in 5 kR gamma rays 
(3.60 cm), while in still higher doses of gamma rays and in all concentrations 
of MMS, DMS and DES they decreased from 3.46 to 3.30 cm in 10 - 25 kR 
gamma rays, 3.42 to 3.09 cm in 0.05 - 0.50% MMS, 3.40 to 3.22 cm in 0.10 -
1.00% DMS and 3.43 to 3.26 cm in 0.10 - 1.00% DES treatments (Tables 9-12, 
Graphs 79-82). 
The maximum increase in CV was obtained in 0.50% MMS (21.35%) in 
variety PU and in 25 kR gamma rays (26.97%) in variety PPL (Tables 10,13). 
The increase in diameter in lower doses of gamma rays as well as the decrease 
in higher doses of gamma rays and all concentrations of MMS, DMS and DES 
was insignificant in varieties PU and PPL (Tables 9-16). 
(g) Weight per 1000-Seeds: 
Average weight of 1000-seeds decreased from 4.20 g (control) 3.30 g in 
25 kR gamma rays except in 5 kR gamma rays in which it increased 
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insignificantly to 4.40 g. In other mutagens it decreased linearly to 2.90 g, 2.98 
g and 3.06 g in MMS, DMS and DES respectively (Tables 9-12, Graphs 83-86). 
In variety PPL also it decreased gradually with increasing 
doses/concentrations of all four mutagens from 3.40 g (control) to 2.30 g in 25 
kR gamma rays, 2.01 g in 0.50% MMS, 2.10 g in 1.00% DMS and 2.20 g in 
1.00% DES (Tables 13-16, Graphs 87-90). 
The highest CV (72.22%) was observed in 1.00% DES in variety PU 
(Table 12) and 35.82% in 0.50% MMS in variety PPL (Table 14). The significant 
decrease in mean values at 5% level was attained in 10 kR gamma rays and 
0.10% DMS treatments, while it decreased to 1% level in 15 - 25 kR gamma 
rays, 0.075% - 0.50% MMS, 0.25% - 1.00% DMS, 0.50% - 1.00% DES in PU 
(Tables 9-12), whereas in variety PPL it decreased to 1% level in 10 kR 
gamma rays, 0.05% MMS, 0.10% DMS, 0.25% DES and in their higher 
doses/cone. (Tables 13-16). 
(h) Yield per Plant: 
The average yield per plant increased significantly over control (2.99 
kg) in 5 kR gamma rays (3.33 kg), and in 0.10% DES the increase was 
insignificant (3.02 kg) in PU (Tables 9,12; Graphs 91, 94), while in still higher 
doses/cone, of gamma rays and DES and in all the concentrations of other 
mutagens the yield per plant followed decreasing trend from 2.95 - 2.33 kg in 
10 - 25 kR gamma rays, 2.87 - 1.97 kg in 0.05% - 0.50% MMS, 2.82 - 2.12 kg in 
0.10 -1.00% DMS, and 2.81 - 2.25 kg in 0.25 - 1.00% DES in variety PU (Tables 
9-12, Graphs 91-94). 5 kR gamma rays exhibited enhancing effect in PPL also 
in which the yield increased to 1.98 kg per plant over control (1.71 kg/Plant), 
but in higher doses the yield decreased to 1.20,0.99,1.08 and 1.14 kg per plant 
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in gamma rays, MMS DMS and DES respectively in variety PPL (Tables 13-16, 
Graphs 95-98) 
The maximum value of increase in CV was noticed in 0.25% MMS 
(28.70%) and 1.00% DES (38.60%) treatments in varieties PU and PPL 
respectively (Tables 12, 14). The significant decrease in yield per plant at 5% 
level was recorded in 0.25% DMS and 0.50% DES treatments, while in 20 kR 
gamma rays, 0.075% MMS, 0.50% DMS and 0.75% DES and in their higher 
doses/cone, it decreased to 1% level in PU (Tables 9-12). In variety PPL the 
significant decrease in mean values was recorded at 5% in 0.50% DES 
treatment and at 1% level in 20 kR gamma rays, 0.075% MMS, 0.25% DMS, 
0.75% DES and in their higher doses/cone. (Tables 13-16). 
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OBSERVATIONS 
II. MEIOTIC STUDIES IN Mi GENERATION: 
To estimate the potency of mutagens and response of plant genotype, 
the chromosomal behaviour with respect to meiosis is considered to be one of 
the most reliable indices. Solanum melongena L. has twelve bivalents (2n=24), 
which are small and not easy to handle. The parameters of meiotic studies 
were: the univalents, multivalents, stickiness, secondary association, 
precocious separation, stray chromosomes, translocation rings, spindle 
rotation, laggards, bridges, unequal separation of chromosomes, disturbed 
polarity, tripolar condition, and chiasma frequency per cell and per bivalent. 
The diakinesis showed 12-pairs of rod and ring bivalents (Plate 19A, 19B). At 
metaphase-I, all twelve bivalents were normally arranged at equator (Plate 
IC), followed by the separation of 12-chromosomes to their respective poles at 
anaphase-I (Plate 19D). Telophase-I showed two groups of chromosomes at 
poles enclosed in nuclear envelopes (Plate 19E). Metaphase-II exhibited two 
groups of normal chromosomes at two equatorial planes (Plate 19F), followed 
by four groups of chromosomes moving towards opposite poles at anaphase-
II (Plate 19G). At telophase-II four groups of chromosomes were present on 
poles (Plate 19H, 191). These meiotic stages in control were generally normal. 
The frequency of abnormal PMCs with different meiotic abnormalities 
increased with increasing doses/cone, of mutagens in both varieties. It ranged 
between 2.73 and 17.22% cells in 5 - 25 kR gamma rays, 5.50 and 22.59% cells 
in 0.05 - 0.50% MMS, 4.20 and 20.68% and 3.15 and 17.76% cells in 0.10 -
1.00% DMS and DES respectively in variety PU (Tables 17-18). In variety PPL 
it increased from 3.91 - 18.43% cells in 5 - 25 kR gamma rays, 6.52 - 22.61% 
cells in 0.05 - 0.50% MMS, 5.17 - 21.72% and 4.11 -19.14% cells in 0.10 -1.00% 
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DMS and DES respectively (Tables 19-20). 
A. Chromosomal Abnormalities at Prophase-I (Diakinesis): 
The chromosomal configurations observed at diakinesis in gamma 
rays, MMS, DMS and DES treatments exhibited the presence of univalents 
(Plates 20A, 22A, 23A, 27A, 27B) and multivalents (Plates 20A, 21A, 22A, 23A, 
24A) in varieties PU and PPL. 
The number of cells with univalents and multivalents increased with 
increasing doses/cone, of all four mutagens at diakinesis. The no. of cells 
showing univalents and multivalents increased from 0.97 to 2.10% in 15 - 25 
kR gamma rays, 0.96 to 2.40% in 0.075 - 0.50% MMS, 0.97 to 2.15% and 0.96 to 
2.34% in 0.50 -1.00% DMS and DES respectively in variety PU (Tables 17-18). 
In variety PPL the no. of cells increased from 0.95 to 1.84% in 10 - 25 kR 
gamma rays, 0.90 to 2.61% in 0.075 - 0.50% MMS, 0.85 to 2.26% and 0.90 to 
1.43% in 0.25 to 1.00% DMS and DES respectively (Tables 19-20). 
(a) Chiasma Frequency per Cell at Prophase-I (Diakinesis): 
The chiasma frequency being a genetically controlled character did not 
vary unless the plants were subjected to mutagenic treatments. It exhibited a 
decreasing trend with increasing doses/cone, of all four mutagens in varieties 
PU and PPL. In control plants, the chiasma frequency was 21.60 per cell, but it 
decreased in treated populations from 21.50 - 18.70 per cell in 5 - 25 kR 
gamma rays, 21.15 - 17.70 per cell in 0.05 - 0.50% MMS, 21.40 -18.15 per cell in 
0.10 -1.00% DMS and 21.35 -18.55 per cell in 0.10 -1.00% DES in variety PU 
(Table 21). In variety PPL the chiasma frequency was 21.40 per cell in control, 
and it decreased from 21.20 - 18.45 per cell in 5 - 25 kR gamma rays, 20.85 -
17.35 per cell in 0.05 - 0.50% MMS, 21.15 -17.80 per cell in 0.10 -1.00% DMS 
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and 21.15 -18.30 per ceU in 0.10 -1.00% DES (Table 22). 
(b) Chiasma Frequency per Bivalent at Prophase-I (Diakinesis): 
At diakinesis the chiasma frequency decreased with increasing 
doses/cone, of mutagens in varieties PU and PPL. It was 1.80 per bivalent in 
control and reduced from 1.79 - 1.56 per bivalent in 5 - 25 kR gamma rays, 
1.76 - 1.47 per bivalent in 0.05 - 0.5% MMS, 1.78 - 1.51 and 1.78 - 1.54 per 
bivalent in 0.10 -1.00% DMS and DES respectively in variety PU (Table 21). In 
variety PPL it also decreased from 1.77 - 1.54 per bivalent in 5 - 25 kR gamma 
rays, 1.73 -1.44 per bivalent 0.05 - 0.5% MMS, 1.76 -1.48 per bivalent and 1.76 
- 1.52 per bivalent in 0.10 -1.00% DMS and DES respectively as compared to 
1.78 per bivalent in control (Table 22). 
B. Chromosomal Abnormalities at Metaphase-VII: 
At metaphase-I/II pollen mother cells (PMCs) with univalents (Plates 
20B, 24B), multivalents (Plate 25B), stickiness (Plates 20E, 20K, 20J, 21B, 22G, 
22J, 23B, 23K, 24G, 24H, 25C, 26B, 261, 27H), secondary association of 
chromosomes (Plates 20C, 21C, 22B, 23C, 24C, 25D, 26C, 27H), precocious 
separation (Plates 21C, 21D, 22C, 22G, 23E, 24H, 27D, 27H), stray 
chromosomes (Plates 20E, 211, 22H, 22J, 23K, 25E), translocation rings (21E, 
221, 23D, ^5F, 26D, 271) and spindle disturbance (rotation) (Plates 20K, 23K, 
261) were observed in gamma rays, MMS, DMS and DES treated populations 
in varieties PU and PPL. Moreover, few PMCs showing unsynchronous 
movement of chromosomes could be observed in gamma rays, MMS and 
DMS treatments in varieties PU and PPL (Plates 20D, 21 J, 22J, 26J). 
The no. of abnormal cells at metaphase-I/II showed a dose dependent 
increase in treated populations and was highest in the highest cone, of MMS 
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and DES in varieties PU and PPL respectively. It ranged between 2.34 and 
7.98% in 5 - 25 kR gamma rays, 3.67 and 11.06% in 0.05 - 0.50% MMS, 3.27 
and 10.77% in 0.10 - 1.00% DMS and 2.25 and 9.34% in 0.10 - 1.00% DES in 
variety PU (Tables 17-18), while in variety PPL it ranged from 3.04 and 10.14% 
in 5 - 25 kR gamma rays, 4.59 and 10.43% in 0.05 - 0.50% MMS, 3.44 and 
10.41% in 0.10 - 1.00% DMS and 2.74 and 10.53% in 0.10 - 1.00% DES (Tables 
19-20). 
(a) Chiasma Frequency per Cell at Metaphase-I: 
The chiasma frequency at metaphase-I reduced gradually with 
increasing doses/cone, of mutagens in both varieties. It decreased from 20.10 
per cell (control) to 19.10 per cell in 25kR gamma rays, 17.90 per cell in 0.50% 
MMS, 18.45 and 18.70 per cell in 1.00% DMS and DES respectively in variety 
PU (Table 21). In variety PPL, it also decreased from 19.95 (conti-ol) to 18.80 in 
25 kR gamma rays, 17.55 in 0.50% MMS, 18.30 and 18.60 in 1.00% DMS and 
DES respectively (Table 22). Although the frequency of chiasmata at 
metaphase-I was comparatively lower than that at prophase-I in control and 
treated populations, there was no big difference in the frequencies between 
these two stages. 
(b) Chiasma Frequency per Bivalent at Metaphase-I: 
The chiasma frequency per bivalent at metaphase-I also reduced 
gradually with increasing doses/cone, of mutagens in varieties PU and PPL. 
It was 1.68 per bivalent in contiol and decreased from 1.67 to 1.59 per bivalent 
in 5 - 25 kR gamma rays, from 1.64 to 1.49 per bivalent in 0.05% - 0.50% 
MMS, from 1.65 to 1.54 and 1.66 to 1.56 per bivalent in 0.10 -1.00% DMS and 
DES respectively in variety PU (Table 21). In variety PPL it also decreased 
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from 1.65 to 1.57 per bivalent in 5 - 25 kR gamma rays, from 1.62 to 1.46 in 
0.05% - 0.5% MMS, from 1.64 to 1.52 and 1.65 -1.55 in 0.10 - 1.00% DMS and 
DES respectively as compared to 1.66 per bivalent in control (Table 22). 
C. Chromosomal Abnormalities at Anaphase-VII: 
The abnormalities observed at anaphase-I/II in gamma rays, MMS, 
DMS and DES treated populations were generally laggards (Plates 20F, 21F, 
22D, 22K, 23F, 23G, 24D, 25H, 26E, 26F), bridges (Plates 20G, 21G, 21J, 22E, 
22J, 23H, 23H, 24E, 25J, 26G, 27E, 27F) and unequal separation of 
chromosomes (Plates 21H, 22F, 231, 25J, 26H) in varieties PU and PPL. 
Moreover, PMCs showing unsynchronous movement of chromosomes at 
anaphase-l/ll (Plates 20F, 22K, 24D) and stickiness of chromosomes at 
anaphase-I (Plates 20F, 27G) could be observed in gamma rays, DMS and DES 
treatments in varieties PU and PPL. 
A dose dependent increase in the no. of cells with meiotic aberrations 
at anaphase-I/II was observed in varieties PU and PPL. The no. of cells with 
meiotic aberrations at anaphase-1/II increased from 0.39 to 5.04% and 0.43 to 
4.14% in 5 - 25 kR gamma rays, 1.38 to 6.25% and 1.40 to 6.96% in 0.05 - 0.50% 
MMS, 0.93 to 6.03% and 0.86 to 6.33% in 0.10 -1.00% DMS and 0.90 to 4.67% 
and 0.91 to 4.31% in 0.10 - 1.00% DES in varieties PU and PPL respectively 
(Tables 17-20). 
D. Chromosomal Abnormalities at Telophase-VII^ 
The chromosomal aberrations observed at telophase-I/II in different 
doses/cone, of gamma rays, MMS, DMS and DES were laggards (Plates 20H, 
21K, 22L, 24J, 27K), bridges (Plates 201, 25K), disturbed polarity (Plates 21L, 
23L, 24K, 26K) and tripolar condition (Plates 20L, 27J, 27L) in varieties PU and 
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PPL. Moreover few PMCs having 5-nucleate, condition could be seen in MMS 
and DMS treatments in PPL only (Plates 25U 26L). 
The no. of cells with meiotic aberrations at telophase-1/II increased with 
increasing doses of mutagens from 1.46 to 2.10% in 10 - 25 kR gamma rays, 0.46 
to 2.88% in 0.05 - 0.50% MMS, 1.33 to 1.72% in 0.25 -1.00% DMS and 1.47 to 
1.77% in 0.25 to 0.75% DES and then slightly decrease to 1.40% in 1.00% DBS in 
variety PU (Tables 17-18). In variety PPL the no. of cells with meiotic anomalies 
also showed a dose dependent increase in treated populations and ranged 
between 0.43 and 2.30% in 5 - 25 kR gamma rays, 0.46 and 2.61% in 0.05 - 0.50% 
MMS, 0.86 and 2.71% and 0.46 and 2.87% in 0.10 -1.00% DMS and DES (Tables 
19-20). 
Generally no abnormal PMCs were observed at all stages in control plants 
in both varieties. 
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III. MORPHOLOGICAL STUDIES IN M2 GENERATION: 
The seeds of control plants, treated populations and selected selfed 
variants of Mi generation were collected and sown in M2 generation for 
further cytomorphological studies. The parameters were almost same as that 
in Ml generation. Data obtained have been analysed statistically. 
A. Seed Germination: 
The seed germination in control population of PU was 84.00% 
(maximum). It decreased to 55.33% in 25 kR gamma rays, 53.33% in 0.50% 
MMS, 54.00% in 1.00% DMS and 54.67% in 1.00% DES respectively in variety 
PU (Tables 27-28, Graphs 1-4). In variety PPL the seed germination decreased 
from 80.67% (maximum in control) to 56.67% in 25 kR gamma rays, 54.67% in 
0.50% MMS, 56.00% in 1.00% DMS and 60.00% in 1.00% DES (Tables 29-30, 
Graphs 5-8). Although, there was decreasing trend with the increasing 
doses/cone, of all four mutagens but considerable recovery had taken place in 
M2 and resultantly the germination was comparatively higher than their 
respective doses of Mi generation (Graphs 1-8). 
The maximum inhibition in seed germination was observed to be 
36.51% in 0.50% MMS followed by 35.71% in 1.00% DMS, 34.92% in 1.00% 
DES and 34.13% in 25 kR gamma rays in variety PU (Tables 27-28), whereas in 
PPL it was 32.23% in 0.50% MMS, followed by 30.58% in 1.00% DMS, 29.76% 
in 25 kR gamma rays and 25.62% in 1.00% DES (Tables 29-30). The 
germination was comparatively more affective in variety PU even in M2 
generation. 
B. Morphological Abnormalities at Seedling Stage: 
The effect of physical and chemical mutagens appeared at seedling 
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Stage upto the formation of cotyledonary and few vegetative leaves in M2 
generation also. In control, the seedlings were bearing normal cotyledonary 
and vegetative leaves as mentioned in Mi generation (Plate 3A and 4A). 
Various abnormahties occurred in cotyledonary and first pair of vegetative 
leaves in the treated populations, such as fused (Plate 3B) and deshaped 
cotyledonary leaves (Plate 3C) in gamma rays treatments; three unequal 
cotyledonary leaves (Plate 3D); three unequal cotyledonary leaves, two fused 
while third is free (Plate 3E) in MMS treatments; two vegetative leaves 
laterally fused (Plate 3F), reduced angle between cotyledonary leaves due to 
their shifting to one side (Plate 3G) in DMS treatments; fused cotyledonary 
leaves (Plate 3H); reduced angle between cotyledonary leaves (Plate 31) in 
DES treatments in variety PU. In variety PPL the observed abnormalities in 
cotyledonary and vegetative leaves were: fusion (Plate 4B), under-
development (4C) in gamma rays treatments; three cotyledonary leaves with 
fusion along their margins (Plate 4D), three unequal cotyledonary leaves 
(Plate 4E) in MMS treatments; three cotyledonary leaves, one oblong (Plate 
4F), out of three two cotyledonary leaves fused at base (Plate 4G) in DMS 
treatments; oblong, broad cotyledonary leaves with one notched margin 
(Plate 4H) and reduced angle between cotyledonary leaves (Plate 41) in DES 
treatments. 
C. Frequency of Mutations at Older Stage: 
The mutations at older plant (75 days old) stage were found to increase 
in increasing doses/concentrations of mutagens. In control populations of 
both varieties the variations were absent, while increased from 6.61 - 22.89 
and 6.36 - 22.35 in 5 - 25 kR gamma rays, 11.76 - 37.80 and 12.39 - 40.24 in 
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0.05 - 0.50% MMS, 10.26 - 33.34 and 11.97 - 35.16 in 0.10 - 1.00% DMS, 7.82 -
26.82 and 5.17 - 28.05 in 0.10 - 1.00% DES in varieties PU and PPL 
respectively (Tables 27-30, Graphs 9-16). The variations, which were noted at 
older plant stage in Mi generation such as bifurcation, size, shape and 
thickness of leave; stunted/improved growth; improved/poor branching and 
fruiting; increased/reduced fruit size etc. were inherited in M2 also, but the 
frequency was lesser than Mi generation (Graphs 9-16). 
D. Plant Survival: 
Although, the survival of plants decreased with an increase in 
doses/cone, in almost all four mutagens in both varieties viz. PU and PPL, 
but it was higher as compared with Mi generation (Tables 27-30, Graphs 17-
24). The maximum survival percentage was observed at the lowest 
dose/concentration, whereas it decreased linearly in higher doses/cone, in all 
mutagens from 93.65% (conti-ol) to 71.43% in 25 kR gamma rays, 61.90% in 
0.50% MMS, 64.28% in 1.00% DMS and 65.87% in 1.00% DES in variety PU 
(Tables 27-28, Graphs 17-20). In variety PPL it reduced linearly from 91.73% 
(conti-ol) to 69.42% in 25 kR gamma rays, 57.85% in 0.50% MMS, 60.00% in 
1.00% DMS and 65.29% in 1.00% DES (Tables 29-30, Graphs 21-24). 
The highest lethality 33.90% and 36.93% were recorded at 0.50% MMS 
in the varieties PU and PPL respectively (Tables 17,19). Tlie order of induced 
lethality was MMS>DMS>DES>gamma rays in varieties PU and PPL. 
Moreover, variety PPL was found to be more sensitive than variety PU as the 
survival in PPL was more adversely affected by mutagens and that MMS was 
most affective in inducing mutations as well lethaUty. 
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E. Pollen Fertility: 
Pollen fertility was affected by mutagens in M2 generation also. It 
reduced with the increasing doses/concentrations of all four mutagens, 
showing a linear dependence of fertility on doses/concentrations. The pollen 
fertility in controls were: 93.06% and 92.04% in PU and PPL respectively. The 
ranges of decrease in the fertility were between 92.00 - 72.19% and 89.09 -
66.08% in 5 - 25 kR gamma rays, 82.13 - 61.05% and 76.16 - 56.01% in 0.05 -
0.50% MMS, 89.09 - 63.05% and 88.01 - 58.16% in 0.10 - 1.00% DMS, 90.07 -
64.01% and 88.01 - 61.07% in 0.10 - 1.00% DES in varieties PU and PPL 
respectively (Tables 27-30, Graphs 25-32). The MMS was highly affective on 
pollen fertility followed by DMS, DES and gamma rays in both varieties. 
Consequently the relative reduction in pollen fertility was found 
maximum in 0.50% MMS (34.40%) followed by 1.00% DMS (32.25%), 1.00% 
DES (31.22%) and 25 kR gamma rays (22.43%) in variety PU (Tables 27-28), 
similarly in variety PPL the relative reduction was observed maximum in 
0.50% MMS (39.15%) followed by 1.00% DMS (36.81%), 1.00% DES (33.65%) 
and 25 kR gamma rays (28.21%) (Tables 29-30). Both varieties responded 
differently to mutagens, the variety PPL being more affected. 
F. Quantitative Characters: 
(a) Height of Mature Plants: 
Similar to Mi results average plant height followed a decreasing trend 
from 77.53 cm (control) to 64.07 cm (5 kR gamma rays), 57.13 cm (0.50% 
MMS), 55.67 cm (1.00% DMS) and 60.33 cm (1.00% DES) in variety PU (Tables 
31-34, Graphs 35-38) and from 55.20 cm (control) to 44.37 cm (25 kR gamma 
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rays), 42.50 cm (0.50% MMS), 42.30 cm (1.00% DMS) and 45.63 cm (1.00% 
DES) in variety PPL (Tables 35-38, Graphs 39-42). 
The highest values of CV (%) were observed in the highest 
doses/concentrations of all four mutagens in varieties PU and PPL (Tables 31-
38). 
(b) Branch Number, Fruit Number, Fruit Weight, Size, 1000-Seeds Weight 
and Yield per Plant: 
There was increase in the average number of branches and fruits, fruit 
weight, fruit size (length and diameter) and 1000-seeds weight from 11.80, 
12.00, 261.07 g, 10.40 cm, 8.60 cm and 4.40 g in their respective controls to 
12.80,12.93, 265.07 g, 10.49 cm, 8.91 cm and 4.60 g respectively in 5 kR gamma 
rays, while in still higher doses they followed decreasing trend from 11.63 -
8.50,11.95 -10.60, 260.90 - 250.47 g, 10.10 - 8.80 cm, 8.60 - 8.45 cm and 4.00 -
3.50 g in 10 - 25 kR doses respectively in PU (Tables 31, Graphs 43, 51, 59, 67, 
75 and 83). Resultantly the yield also increased significantly at 5% level in 5 
kR (3.43 kg) over control (3.13 kg) in PU (Table 31, Graph 91). There was a 
decreasing trend in average no. of branches per plant from 11.80 (control) to 
7.00 (0.50% MMS) and 7.73 (1.00% DMS); in average no. of fruits per plant 
from 12.00 (control) to 9.90 (0.50% MMS) and 10.30 (1.00% DMS); in average 
fruit weight per plant from 261.07 g (control) to 221.13 g (0.50% MMS) and 
230.07 g (1.00% DMS); in average fruit length from 10.40 cm (control) to 8.30 
cm (0.50% MMS) and 8.50 cm (1.00% DMS); in average fruit diameter from 
8.60 cm (control) to 7.60 cm (0.50% MMS) and 7.70 cm (1.00% DMS); in 1000-
seeds weight from 4.40 g (control) to 3.05 g (0.50% MMS) and 3.20 g (1.00% 
DMS) and in yield per plant 3.13 kg (control) to 2.19 kg (0.50% MMS) and 2.37 
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kg (1.00% DMS) in PU (Tables 31-34; Graphs 44, 45, 52, 53, 60, 61, 68, 69, 76, 
11, 84, 85, 92, 93). Whereas in DES treatments there was insignificant increase 
in average no. of branches, fruits and yield per plant to 12.60,12.33 and 3.21 
kg in 0.10% DES as compared to 11.80, 12.00 and 3.13 kg in their respective 
controls. But in still higher concentrations these parameters followed a 
decreasing trend from 11.57 - 8.20, 11.67 - 10.60 and 3.01 - 2.44 kg in 0.25 -
1.00% DES in PU (Table 34, Graphs 46, 54, 94). Moreover, the other 
parameters viz. average fruit weight, fruit (length and diameter) and 1000-
seeds weight per plant followed a decreasing trend from 261.07 - 230.30 g, 
10.40 - 8.66 cm, 8.60 - 7.80 cm and 4.40 - 3.40 g in control - 1.00% DES 
respectively in PU (Table 34, Graphs 62, IQ, 78,86). 
In variety PPL also there was increase in the number of branches, 
number of fruits, fruit weight, size (length and diameter) and yield per plant 
from 10.60, 12.87, 149.03 g, 20.95 cm, 3.50 cm and 1.92 kg in their respective 
controls to 12.50,13.83,162.03 g, 21.90 cm, 3.65 cm and 2.24 kg in 5 kR gamma 
rays, while in still higher doses they followed decreasing trend from 10.67 -
8.57,12.63 - 9.93,147.03 -134.03 kg, 20.80 - 19.55 cm, 3.50 - 3.36 cm and 1.86 -
1.33 kg in 10 - 25 kR doses respectively (Table 35, Graphs 47, bb, 63, 71, 79, 
95). The weight per 1000-seeds followed a decreasing trend from 3.35 - 2.50 g 
in 5 - 25 kR gamma rays as compared to control (3.50 g) in PPL (Table 35, 
Graph 87). There was a decreasing trend in no. of branches per plant from 
10.60 (control) to 5.80 in 0.50% MMS and 6.60 in 1.00% DMS; no. of fruits per 
plant from 12.87 (control) to 9,00 in 0.50% MMS, 9.17 in 1.00% DMS and 9.67 
in 1.00% DES; fruit weight per plant from 149.03 g (control) to 122.03 g in 
0.50% MMS, 135.10 g in 1.00% DMS and 133.03 g in 1.00% DES; fruit length 
86 
OBSERVATIONS 
from 20.95 cm (control) to 18.60 cm in 0.50% MMS, 19.00 cm in 1.00% DMS 
and 19.48 cm in 1.00% DES; fruit diameter from 3.50 cm (control) to 3.16 cm in 
0.50% MMS, 3.30 cm in 1.00% DMS and 3.34 cm in 1.00% DES; 1000-seeds 
weight per plant from 3.50 g (control) to 2.20 g in 0.50% MMS, 2.32 g in 1.00% 
DMS and 2.40 g in 1.00% DES; yield per plant 1.92 kg (control) to 1.10 kg in 
0.50% MMS, 1.24 kg in 1.00% DMS and 1.28 kg in 1.00% DES (Tables 36-38, 
Graphs 48, 49, 56, 57, 58, 64, 65, 66, 72, 73, 74, 80, 81, 82, 88, 89, 90, 96, 97, 98). 
Moreover, in DES treatments the no. of branches increased in 0.01% cone. 
(12.60) as compared to its respective control (10.60), while in still higher 
concentrations it decreased from 10.47 - 6.70 in 0.25 - 1.00% cone, in PPL 
respectively (Table 38, Graph 50). 
The maximum values of CVs were recorded in higher 
doses/concentrations of all four mutagens for the above mentioned 
parameters in varieties PU and PPL. The higher CVs in higher 
doses/concentrations of mutagens showed the increased variations in the 
populations which may lead to increased diversity and better characters for 
the screening of mutations. 
The significant decrease in the characters in all four mutagens in the 
varieties PU and PPL have been mentioned in tables 23-26. 
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OBSERVATIONS 
G. Mutagenic Effectiveness and Efficiency: 
The effectiveness decreased in all doses of gamma rays in variety PU 
from 1.32 to 0.92 in 5 - 25 kR gamma rays, while in DMS there is a sharp 
decrease from 4.28 -2.10 in 0.10 - 0.50% cone, followed by minor decrease in 
still higher concentrations (Table 39, Graphs 99, 101). Similar trend occurred 
in DES treatments and it decreased sharply from 3.26 - 1.12 in 0.10 - 1.00% 
cone. (Table 39, Graph 102). In MMS the effectiveness increased from 9.80 in 
0.05% MMS to 13.89 and 13.74 in 0.075% and 0.10% concentrations 
respectively, but in still higher cone, it decreased to 3.15 in 0.50% cone. (Table 
39, Graph 100). In variety PPL also the same trend was followed and it 
decreased from 1.27 - 0.89 in 5 - 25 kR gamma rays and from 4.99 - 1.47 in 
0.10 -1.00% DMS (Table 40, Graphs 99,101). On the other hand in MMS and 
DES the effectiveness increased in lower cone, and then decreased in further 
higher cone. (Table 40, Graphs 100, 102). The most effective 
dose/concentrations were: 5 kR gamma rays, 0.075% MMS, 0.10% DMS and 
0.10% DES in variety PU, and 5 kR gamma rays, 0.075% MMS, 0.10% DMS 
and 0.25% DES in variety PPL. 
The mutagenic efficiency with regard to inhibition (Mp/I) was more in 
lower dose/cone, of gamma rays (5 kR) and MMS (0.05%) and thereafter it 
decreased in higher doses/cone, in PU (Table 39, Graphs 103,104). Whereas 
in DMS and DES it increased in lower cone, and decreased in still higher 
concentrations (Table 39, Graphs 105, 106). In PPL the efficiency was found 
maximum in 5 kR gamma rays and 0.10% DMS and decrease in further higher 
doses (Table 40, Graph 103,105), whereas in MMS it increased in 0.075% cone, 
and decreased randomly in higher concentrations (Table 40, Graph 104). In 
104 
OBSERVATIONS 
DES the efficiency increased in 0.25% and 0.50% cone, and then decreased 
linearly in higher concentrations (Table 40, Graph 106). The most efficient 
doses/concentrations were: 5 kR gamma rays, 0.05% MMS, 0.25% DMS and 
DES in variety PU and 5 kR gamma rays, 0.075% MMS, 0.10% DMS and 0.25% 
DES in variety PPL. 
The mutagenic efficiency based on pollen sterility (Mp/S) was the 
highest in lower dose/concentiations of gamma rays (5 kR) and DES (0.10%) 
and thereafter it decreased in higher doses/cone. (Table 39, Graphs 107,110), 
whereas in MMS and DMS it increased in lower cone, and decreased in still 
higher concentrations (Table 39, Graphs 108,109) in PU. In PPL the mutagenic 
efficiency (Mp/S) was recorded maximum in 5 kR gamma rays and decreased 
in further higher doses (Table 40, Graph 107), whereas it increased in 0.075% 
MMS, 0.25% DMS and DES cone, and decreased in higher concentrations 
(Table 40, Graph 108, 109, 110). The most efficient dose/concentrations with 
regard to pollen sterihty were: 5 kR gamma rays, 0.075% MMS, 0.25% DMS 
and 0.10% DES m variety PU and 5 kR gamma rays, 0.10% MMS, 0.25% DMS 
and DES in variety PPL. 
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IV. MEIOTIC STUDIES IN M2 GENERATION: 
Cytological analysis in M2 generation was carried out in the plants 
raised from the seeds of selfed flowers of treated populations obtained in Mi 
generation. Similar chromosomal observations were recorded in M2 
generation also, but their no. was lesser than Mi. The parameters were same 
as in MI generation (Tables 41-46). The no. of PMCs with meiotic aberrations 
increased with the increasing doses/cone, of mutagens in both varieties. It 
increased from 2.13 -13.64% in 5 - 25 kR gamma rays, 4.76 - 18.36% in 0.05 -
0.50% MMS, 3.27 - 17.48% and 2.43 - 15.13% in 0.10 - 1.00% DMS and DES 
respectively (Tables 41-42). In variety PPL it ranged between 3.07 and 15.14% 
in 5 - 25 kR gamma rays, 5.33 and 19.66% in 0.05 - 0.50% MMS, 4.95 and 
17.39% and 3.39 and 16.74% in 0.10 - 1.00% DMS and DES respectively 
(Tables 43-44). But the frequency of abnormal PMCs was lesser in M2 
generation as compared to Mi generation. 
A. Chromosomal Abnormalities at Prophase-I (Diakinesis): 
At diakinesis, the no. of cells with meiotic aberrations like univalents 
and multivalents increased with increasing doses/cone, of all four mutagens. 
The no. of cells with univalents and multivalents increased from 0.92 to 1.24% 
in 15 - 25 kR gamma rays, 0.91 to 1.56% in 0.10 - 0.50% MMS, 0.96 to 1.22% 
and 0.86 to 1.68% in 0.50 - 1.00% DMS and DES respectively in variety PU 
(Tables 41-42). In variety PPL the no. of cells with univalents and multivalents 
increased from 0.85 to 1.38% in 15 - 25 kR gamma rays, 0.81 to 1.71% in 0.075 -
0.50% MMS, 0.92 to 1.30% and 0.79 to 1.36% in 0.50 - 1.00% DMS and DES 
respectively (Tables 43-44). 
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(a) Chiasma Frequency per Cell at Prophase-I (Diakinesis): 
At diakinesis the chiasma frequency per cell decreased with increasing 
doses/cone, of mutagens in varieties PU and PPL. It was 21.65 per cell in 
control and decreased from 21.48 to 18.80 per cell in 5 - 25 kR gamma rays, 
from 21.25 to 17.85 per cell in 0.05% - 0.50% MMS, 21.45 to 18.55 per cell and 
21.36 to 19.85 in 0.10 -1.00% DMS and DES respectively in variety PU (Table 
45). In variety PPL it reduced from 21.35 to 18.55 in 5 - 25 kR gamma rays, 
20.95 to 17.50 in 0.05% - 0.50% MMS, and 21.16 to 17.95 and 21.30 to 18.45 in 
0.10 -1.00% DMS and DES respectively as compared to 21.45 per cell in control 
(Table 46). 
(b) Chiasma Frequency per Bivalent at Prophase-I (Diakinesis): 
The chiasma frequency per bivalent decreased with increasing 
doses/cone, of mutagens in both varieties at diakinesis. The chiasma 
frequencies per bivalent at diakinesis were 1.80 and 1.79 in contiol in varieties 
PU and PPL respectively (Tables 45-46). It decreased from 1.79 to 1.57 per 
bivalent in 5 - 25 kR gamma rays, 1.77 to 1.49 per bivalent in 0.05 - 0.50% 
MMS, 1.79 to 1.54 and 1.78 to 1.65 per bivalent in 0.10 - 1.00% DMS and 
DES respectively in variety PU (Table 45). In variety PPL it also decreased 
from 1.78 to 1.55 in 5 - 25 kR gamma rays, 1.74 to 1.46 in 0.05 - 0.50% MMS, 
1.76 to 1.49 and 1.77 to 1.54 per bivalent in 0.10 - 1.00% DMS and DES 
respectively in variety PPL (Table 46). 
B. Chromosomal Abnormalities at Metaphase-^T^I: 
The no. of cells showing meiotic aberrations at metaphase-1/Il showed 
a dose dependent increase in treated populations and it increased from 1.70 to 
6.61% in 5 - 25 kR gamma rays, 3.33 to 9.38% in 0.05 - 0.50% MMS, 2.34 to 
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9.35% and 1.46 to 7.56% in 0.10 -1.00% DMS and DES respectively in variety 
PU (Tables 41-42). In variety PPL the no. of abnormal cells increased from 2.19 
to 8.26% in 5 - 25 kR gamma rays, 3.28 to 10.68% in 0.05 - 0.50% MMS, 3.60 to 
9.57% and 2.12 to 9.50% in 0.10 -1.00% DMS and DES respectively (Tables 43-
44). 
(a) Chiasma Frequency per Cell at Metaphase-I: 
The chiasma frequency at metaphase-I reduced with increasing 
doses/cone, of mutagens in varieties PU and PPL and decreased from 20.14 
per cell (control) to 19.45 per cell in 25 kR gamma rays, 18.30 per cell in 0.50% 
MMS, 18.60 and 18.90 per cell in 1.00% DMS and DES respectively in variety 
PU (Table 45). In variety PPL it also decreased from 20.00 (control) to 19.05 in 
25 kR gamma rays, 17.95 in 0.50% MMS, 18.50 and 18.85 in 1.00% DMS and 
DES respectively (Table 46). Although, the frequency of chiasma at 
metaphase-I was comparatively lower than that at prophase-I in control and 
treated populations, there was no significant difference in the frequencies 
between these two stages. However, the bivalents separated to individual 
chromosomes at late metaphase-I stage. 
(b) Chiasma Frequency per Bivalent at Metaphase-I: 
A dose dependent decrease was observed in chiasma frequency per 
bivalent at metaphase-I. The chiasma frequencies were 1.68 and 1.67 per 
bivalent in control in varieties PU and PPL respectively (Tables 45-46). It 
decreased from 1.67 to 1.62 per bivalent in 5 - 25 kR gamma rays, 1.65 to 1.52 
per bivalent in 0.05 - 0.50% MMS, 1.66 to 1.55 and 1.67 to 1.57 in 0.10 -1.00% 
DMS and DES in variety PU (Table 45). In variety PPL it also decreased from 
1.66 to 1.59 in 5 - 25 kR gamma rays, 1.64 to 1.49 in 0.05 - 0.50% MMS, 1.65 to 
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1.54 and 1.66 to 1.57 in 0.10 -1.00% DMS and DES respectively (Table 46). 
C. Chromosomal Abnormalities at Anaphase-VII: 
The no. of abnormal cells showing meiotic aberrations at anaphase-1/lI 
increased from 0.43 to 4.13% in 5 - 25 kR gamma rays, 0.95 to 5.47% in 0.05 -
0.50% MMS, 0.93 to 4.88% and 0.97 to 3.78% in 0.10 - 1.00% DMS and DES 
respectively in variety PU (Tables 41-42). In variety PPL the no. of abnormal 
cells increased from 0.88 to 3.21% in 5 - 25 kR gamma rays, 1.64 to 5.56% in 
0.05 - 0.50% MMS, 0.90 to 3.91% and 0.85 to 3.17% in 0.10 - 1.00% DMS and 
DES respectively (Tables 43-44). 
D. Chromosomal Abnormalities at Telophase-1/II: 
The no. of abnormal cells showing meiotic aberrations at telophase-I/Il 
exhibited a dose dependent increase in treated populations from 0.95 to 1.65% 
in 5 - 25 kR gamma rays, 0.48 to 1.95% in 0.05 - 0.50% MMS, 0.86 to 2.03% in 
0.25 -1.00% DMS and 0.93 to 2.10% in 0.25 -1.00% DES in variety PU (Tables 
41-42). In variety PPL these increased from 0.86 to 2.29% in 5 - 25 kR gamma 
rays, 0.41 to 1.71% in 0.05 - 0.50% MMS, 0.45 to 2.61% in 0.10 -1.00% DMS and 
0.42 to 2.71% in 0.10 -1.00% DES (Tables 43-44). 
Generally no abnormal PMCs were observed at all stages in control 
plants in both varieties. 
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OBSERVATIONS 
V. SELECTED MUTANTS IN M2 GENERATION: 
The seeds of selected variants collected in Mi generation were sown in 
M2 and morphological study of each segregant was carried out. 
A. Variety PU: 
(a) Mutants in Gamma Rays: 
Two mutants had been selected in M2 generation, v/hich were inherited 
from 5 and 25 kR gamma rays induced variants in Mi generation. First mutant 
in 5 kR dose was tall with decreased no. of branches, normal leaves, larger 
purple fruits and improved yield (Table 47, a^). Second mutant obtained in 25 
kR dose was dwarf and sterile (no fruiting) (Table 47, b^). 
(b) Mutants in MMS: 
Three mutants were selected in different MMS treatments in M2 
generation. In 0.075% concentration one plant had reduced height; decreased 
no. of branches and fruits; the latter being smaller, oval, poor yield (Table 47, 
c )^. In 0.10% cone, one plant had oblong fruits and was inferior to control in 
height, no. of branches, fruits and yield (Table 47, d^). In 0.25% cone, one plant 
was inferior in height, no. of fruits and yield to contiol (Table 47, e^), and the 
mutant also had spines on stem, petiole, midrib of leaf and flower buds. 
(c) Mutants in DMS: 
In 0.50% concentration one plant had reduced height; small leaves; 
smaller, oval fruits and poor yield (Table 47, f^ ), while in 1.00% cone, one 
plant was dwarf showing decrease no. of branches and smaller fruits and 
ultimately poor yield (Table 47, g )^. 
(d) Mutants in DES: 
Two mutants were selected in M2 generation in 0.10% and 0.75% cone. 
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treatments. In 0.10% concentration one plant had reduced no. of branches, 
larger fruits and increased yield (Table 47, h^), while in 0.75% cone, the 
mutant was semi-dwarf with decrease no. of branches and smaller fruits, poor 
yield (Table 47, i2). 
B. Variety PPL: 
(a) Mutants in Gamma Rays: 
Two mutants had been selected in M2 generation, which were inherited 
from 5 and 15 kR gamma rays induced variants of Mi generation. The first 
mutant in 5 kR dose was positive, which had increased no. of branches and 
larger fruits, and ultimately improved yield (Table 48, j^). The second mutant 
in 15 kR dose was tall, bushy but exhibited very low yield (Table 48, k^). 
(b) Mutants in MMS: 
Six mutants were selected in different MMS treatments in M2 
generation. In 0.05% cone, the mutant had increased height, decreased no. of 
longer fruits but ultimately reduced yield (Table 48, P). In 0.075% cone, one 
plant had reduced height, decreased no. of branches and fruits, thicker glossy 
purple fruits and reduced yield (Table 48, m^). In 0.10% cone, one plant was 
inferior in height, no. of branches and size of fruits and had poor yield as 
compared to control (Table 48, n^). In 0.25% cone, the mutant also had 
reduced height; poor branching and fruiting; smaller, thicker fruits and poor 
yield (Table 48, o^). One dwarf plant was isolated in 0.50% cone, with smaller 
leaves without fruiting (sterile) (Table 48, p^), while the other mutant had 
reduced height; decreased no. of branches and fruits; spines on stem, petiole, 
midrib of leaf and flower bud showing reduced yield (Table 48, q^). 
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(c) Mutants in DMS: 
Five mutants were screened out in different DMS concentrations in M2 
generation. In 0.10% cone, one plant had reduced height but increased no. of 
branches and larger fruits showing improved yield (Table 48, r^), while in 
0.25% cone, one dwarf mutant showed poor branching and fruiting ultimately 
poor yield (Table 48, s )^. In 0.50% cone, the mutant exhibited reduced height, 
decreased no. of branches, smaller size fruits and poor yield (Table 48, t^). In 
0.75% cone, the mutant had decreased no. of branches and fruits; spines on 
stem, petiole, midrib and vein of leaf and flower buds showing, reduced yield 
(Table 48, u^), and in 1.00% cone, the mutant had decreased no. of branches, 
poor fruiting, thicker fruits but poor yield (Table 48, v^). 
(d) Mutants in DES: 
Three mutants were selected in DES in M2 generation. In 0.25% 
• concentration one mutant had reduced height, poor branching and fruiting, 
larger fruits but overall poor yield (Table 48, w^), in 0.75% cone, the mutant 
was dwarf with decrease no. of branches, poor fruiting, larger size fruits but 
poor yield (Table 48, x^). In 1.00% cone, the mutant had reduced height, poor 
branching and fruiting, showing poor yield (Table 48, y^). 
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OBSERVATIONS 
VI. MORPHOLOGICAL STUDIES IN M3 GENERATION: 
All the seeds collected from the selected and selfed mutants of M2 were 
sown in Ms generation. The seeds of control plants were sown in each 
generation for the purpose of comparison. AH the seeds so obtained in M2 
generation, particularly those of selected mutants, were given equal chance to 
develop in M3 generation. It was found that many characters were inherited 
to M3 generation without any segregation and such plants were recorded as 
true mutants. Detail observations made for treated populations showing 
different parameters are given below (Tables 49-60, Graphs 1-32,35-98). 
VII. MEIOTIC STUDIES IN M3 GENERATION: 
Cytological abnormalities were studied in M3 generation also and the 
parameters were same as in Mi and M2 generations. Frequency of 
abnormalities was found to be lesser in comparison to Mi and M2 generations 
due to repaired DNA injuries. Details of cytological abnormahties are given in 
tables 61-66. 
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OBSERVATIONS 
VIII. SELECTED MUTANTS IN M3 GENERATION: 
The seeds of selected mutants collected in M2 generation were sown in 
M3 generation. Morphological studies of individual mutants were carried out 
in detail. 
A. Variety PU: 
(a) Mutants in Gamma Rays: 
Two mutants have been isolated in M3 generation, which are inherited 
from 5 kR gamma rays induced mutant in M2 generation. Both mutants in 5 
kR gamma rays are positive, having improved yield along with other 
characteristics in comparison to conti-ol (Table 67, Plate 5A, 5B, 5C). First 
mutant in 5 kR dose is tall with decreased no. of branches, normal leaves, 
larger purple fruits showing improved yield (Table 67, a^-l, Plate 5B), while 
the other one is tall with larger leaves, increased no. of larger purple fruits, 
showing improved yield (Table 67, a-^ -2, Plate 5C). 
(b) Mutants in MMS: 
Three mutants have been isolated in MMS concenh-ations in M3 
generation. In 0.075% cone, the mutant had reduced height; small leaves; 
decreased no. of branches and fruits; smaller, oval fruits and poor yield (Table 
67, c3, Plate 6A). In 0.10% cone, the mutant has reduced height, decrease no. of 
branches and oblong fruits and poor yield (Table 67, d^ Plate 6B). In 0.25% 
cone, one plant has black distinct spines on stem, petiole, midrib of leaf and 
flower bud, but inferior to control in height and yield (Table 67, e^ Plate 6C, 
D,E). 
(c) Mutants in DMS: 
Three mutants have been isolated in DMS. In 0.50% concentration the 
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plant had reduced height; smaller leaves; more in no. but smaller, oval fruits; 
and yield lower than control (Table 67, P, Plate 7A). In 1.00% cone, one plant 
is dwarf with larger leaves, decrease no. of branches and no-fruiting (sterile) 
(Table 67, g^-l, Plate 7B), the other one is also sterile having slightly increased 
height, smaller leaves, poor branching without fruiting (sterile) (Table 67, g -^
2, Plate 7C). 
(d) Mutants in DES: 
Three mutants have been isolated in DES treatments in M3 generation. 
In 0.10% cone, the mutant had decreased no. of branches, large no. of fruits 
and improved yield (Table 67, h'-l, Plate 8A), the other plant has increased 
no. of branches and fruits, larger size fruits and improved yield (Table 67, h^-
2, Plate 8B). In 0.75% cone, the mutant is semi-dwarf with poor branching and 
no-fruiting (sterile) (Table 67, i^ , Plate 8C). 
B. Variety PPL: 
(a) Mutants in Gamma Rays: 
The data and photograph of the control plant have been given for 
comparison (Table 68, Plate 9A). Three mutants have been isolated in M3 
generation, which are inherited from 5 and 15 kR gamma rays induced mutants 
in M2 generation. The mutant in 5 kR gamma rays is positive, which has 
improved yield along with other characteristics in comparison to eontiol (Table 
68, f, Plate 9B). Two mutants have been screened from 15 kR gamma rays in 
which the one is tall and bushy bearing normal leaves, increased no. of 
branches, highly decreased no. of fruits, giving poor yield (Table 68, k^-l, Plate 
lOA), while the other is tall, bushy mutant with larger leaves, increased no. of 
branches but decreased no. of fruits and poor yield (Table 68, k3-2, Plate lOB). 
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(b) Mutants in MMS: 
Eight mutants have been isolated in different MMS concentrations in 
M3 generation. In 0.05% cone, the mutant has increased height, increased no. 
of branches, decreased no. of long fruits and overall reduced yield (Table 68, 
P, Plate l lA, B). In 0.075% cone, the mutant has reduced height, decrease no. 
of branches and thick fruits and poor yield (Table 68, m ,^ Plate IIC, D). In 
0.10% cone, three mutants have been isolated, out of those mutants the first 
mutant (code: n-^ -1) exhibits reduced height; decreased no. of branches and 
smaller but thicker fruits, poor yield (Table 68, Plate 12A), and the second one 
(code: n'-2) is semi-dwarf having decreased no. of branches and thicker 
fruits, showing poor yield (Table 68, Plate 12B), while the third mutant (code: 
n -^S) is dwarf with very less no. of branches but thicker, overall poor yield 
(Table 68, Plate 12C). In 0.25% cone, two mutants have been screened, the first 
mutant has reduced height; poor branching and fruiting; smaller, thicker, 
oblong fruits; spines on calyx and poor yield (Table 68, o^-l, Plate 13A, B), the 
second mutant has reduced height; decreased no. of branches and smaller 
fruits on long stalk, spines on calyx, showing poor yield (Table 68, 0^-2, Plate 
13C, D). One mutant has been isolated in 0.50% cone, which has reduced no. 
of branches and fruits; distinct black spines on stem, petiole, midrib of leaf 
and flower buds, showing low yield (Table 68, q\ Plate 14A, B, C). 
(c) Mutants in DMS: 
Six mutants have been isolated in DMS treatments in M3 generation. In 
0.10% concentration the mutant has normal height, increased no. of branches 
and longer fruits, showing overall improved yield (Table 68, r^ , Plate 15A). In 
0.25% cone, one plant is dwarf with poor branching and fruiting, small leaves. 
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green thicker fruits and poor yield (Table 68, s^ -^l, Plate 15B), while the other is 
semi-dwarf having decreased no. branches and thicker green fruits with 
purple stripes and poor yield (Table 68, s'*-2, Plate 15C). The mutant in 0.50% 
cone, has reduced height, decreased no. branches, smaller fruits and poor 
yield (Table 68, t^ , Plate 15D). The mutant in 0.75% cone, has decreased no. of 
fruits, spines on entire plant and reduced yield (Table 68, u ,^ Plate 16A, B), 
while in 1.00% cone, the plant has decreased no. of thicker fruits, spines on 
calyx, exhibits poor yield (Table 68, v'', Plate 16C, D, E). 
(d) Mutants in DES: 
Five mutants have been isolated in DES treatments in M3 generation. In 
0.25% cone, one plant shows reduced height; poor branching and fruiting; 
longer, thin fruits and poor yield (Table 68, w^-1, Plate 17A, B), whereas the 
other is dwarf having decreased no. of branches, longer fruits and poor yield 
, (Table 68, w^-l, Plate 17B). In 0.75% cone, the mutant has decreased no. of 
branches, thicker fruits and poor yield (Table 68, x ,^ Plate 18A, B). In 1.00% 
cone, the semi-dwarf mutant exhibits decreased no. of branching and fruiting 
and yield (Table 68, y^-l, Plate 18C), while the other is dwarf mutant with 
highly reduced height, but without fruiting (sterile) (Table 68, y3-2, Plate 18D). 
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Q'aph 1. Seed Germination Induced 
by Y-Rays in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Cqnirol 5kR t)kR BkR 20kR 25kR 
Doses 
• Ml -M2 M3 
13. Seed Qerminatlon Induced 
byDMSinlM1,M2andM3 
Generations of Eggplant var. PU. 
Control 0.t)% 025% 050% 0.75% 100% 
Concentrations 
^^-*—Ml- l i^^Ma M3" 
Graph 2. Seed Germination Induced 
byMMSinM1,M2andM3 
Generations of Eggplant var. PU. 
Control 0.05% 0.075% 0.t)% 025% 0.50% 
Concentrations 
- M l . -M2 M3 
Q-aph 4. Seed Germination Induced 
byDESinM1,M2andlM3 
Generations of Eggplant Var. PU. 
Control 0.11% 025% 0.50% 0.75% 100% 
Concentrations 
- M l -M2 M3 
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Gk-aph 5. Seed Germination Induced 
by y-Rays in Ml , M2 and M3 
Generations of Eggplant Var. PPL. 
Cbntrol 5kR t)kR CkR 20kR 25kR 
Doses 
- M 1 • -M2 M3 
Qraph 7. Seed Germination Induced 
byDMSinM1,M2andM3 
^nerations of Eggplant Var. PPL. 
Control 0.10% 025% 050% 0.75% 100% 
Concentrations 
Gk-aph 6. Seed Germination Induced 
bylMMStnM1,M2andM3 
Generations of Eggplant Var. PPL. 
Control 0.05% 0.075% 0.t)% 025% 0.50% 
Concentrations 
-Mi - Ma M3 
Graph 8. Seed Germination Induced 
byDESinM1,M2andM3 
Generations of Eggplant Var. PPL. 
ConfrDlO.10% 0.25% 0.50% 0.75% 1.00% 
Concentrations 
• M l -M2 M3 
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Gk-aph 9. Variation/Mutation 
Requency Induced by y-Rays in Ml, 
M2 and M3 Generations of Eggplant 
Var. PU. 
Gtaph 11. Variation/Mutation 
Frequency Induced by DMS In Ml, M2 
and M3 Generations of Eggplant Var. 
PU. 
Cortrol 0.t)% 025% 050% 0.75% 100% 
Concentrations 
Graph 10. Variation/Mutation 
Frequency Induced by MMS in Ml, M2 
and M3 Generations of Eggplant Var. 
PU. 
Control 0X)5% 0.075% 0.t)% 025% 050% 
Concentrations 
-Ml -M2 M3 
Q-aph 12. Variation/Mutation 
Frequency Induced by DES in Ml, M2 
and MS Generations of Eggplant Var. 
PU. 
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G a^ph 13. VariationMutation 
Frequency Induced by Y-Rays in Ml, 
M2 and M3 Generations of Eggplant 
Var. PPL 
Gtaph 15. Variation/Mutation 
Frequency Induced by DMS in Ml, M2 
a^d MS Generations of Eggplant Var. 
PPL 
Control 0.t)% 025% 0.50% 0.75% 1.00% 
Concentrations 
- M 1 - -M2 M3 
Graph 14. Variation/Mutation 
Frequency Induced by MMS in Ml, M2 
and MS Generations of Eggplant Var. 
PPL 
Control 0.05% 0.075% 0.10% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
Q-aph 16. Variation/Mutation 
Frequency Induced by DCS in Ml, M2 
and MS Generations of Eggplant Var. 
PPL 
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Graph 17. Plant Survival induced by y- ^ 
Rays in M l , M2 and M3 Generations 
of Eggplant Var. PU. 
Cbntrol 5kR 10 kR CkR 20 kR 25 kR 
Doses 
- M 1 - -M2 M3 
G^apii 18. Plant Survival Induced by 
MMS in M l , M2 and M3 Generations 
of Eggplant Var. PU. 
Control 0.05% 0.075% O.B% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
Q^apii 19. Plant Survival Induced by 
DMS in M l , M2 and M3 Generations of 
Eggplant Var. PU. 
Control 0.10% 025% 050% 0.75% 100% 
Concentrations 
-Ml -M2 M3 
Gk-aph 20. Plant Survival Induced by 
DES in M1, M2 and MS Generations of 
Eggplant Var. PU. 
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Grtiph 21. Plant Survival Induced by y-
Rays In M1, M2 and M3 Qeneratlons of 
Eggplant Var. PPL 
Gk-aph 23. Plant Survival Induced by 
DMS in M1, M2 and M3 Generations of 
Eggplant Var. PPL 
Control 0.1)% 025% 050% 0.75% 100% 
Concentrations 
-M l -M2 M3 
Gk-aph 22. Plant Survival Induced by 
MMS in M1, M2 and M3 Generations of 
Eggplant Var. PPL 
r 
Control 0.05% 0.075% 0.t)% 025% 0.50% 
Concentrations 
-M l -M2 M3 
Q-aph 24. Plant Survival Induced by ^ 
DES IN M1, M2 and M3 Generations of 
Eggplant Var. PPL 
Control 0.0% 025% 0.50% 0.75% 100% 
Concentrations 
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I Oaph 25. Pollen Rsrtility Induced by y-
Rays In M1, M2 and M3 Generations 
of Eggplant Var. PU. 
ciintrol SkR mR CkR 20kR 25kR 
Doses 
- M 1 . -M2 M3 
Gk-aph 27. Pollen Fsrtility Induced by 
DMS in Ml, M2 and M3 Generations of 
Eggplant Var. PU. 
;onlrol 0.t)% 025% 050% 0.75% 100% 
Concentrations 
—»-M1—•—M2 M F 
Graph 26. Pollen Fertility Induced by 
MMS in M1, M2 and M3 Generations of 
^gpiant Var. PU 
Control 0.05% 0.075% 0.1% 025% 050% 
Concentrations 
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Gk-aph 28. Pollen Fertility Induced by 
DCS in Ml, M2 and MS Generations of 
^plantVar.PU. 
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Q-aph 29. Pollen Fertility Induced by y* 
Ra^ In Ml, M2 and M3 Generations of 
Eggplant Var. PPL. 
pomrol SkR 10kR 6kR 20kR 25kR 
Doses 
- M 1 - -M2 M3 
Cr$\ph 31. Pollen Fertility Induced by 
DMd in M1, M2 and MS Generations of 
Eggplant Var. PPL 
pontrol 0.10% 055% 050% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
Q-aph 30. Pollen Fertility IrKfcJced by 
MMS in M1, m2 and M3 Generations 
of Eggplant Var. PPL 
Control 0.05% 0.075% 0.t)% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
Q-aph 32. Pollen Fertility Induced by 
DBS in M1, M2 and M3 Generations of 
Eggplant Var. PPL 
Control 0.10% 0.25% 0.50% 0.75% 100% 
Concentrations 
- M l ' -M2 M3 
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Graph 33. Aver. Seedling Height (cm) in Control, ^-Rays, MMS, 
DIMS and DES Treated Populations in M1 Generation of 
Eggplant Var.PU. 
Y-rays MMS DMS DBS 
Graph 34. Aver. Seedling Height (cm) in y-Rays, MMS, DMS and 
DES Treated Populations in M1 Generation of Eggplant Var. 
PPL. 
Y-rays DMS 
d o ° ° 
DES 
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Graph 35. Aver. Plant Height (cm) 
Induced by y-Rays in [M1, M2 and M3 
Generations of Eggplant Var. PU. 
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(^aph 37. Aver. Plant Height (cm) 
induced by DMS in M1, M2 and M3 
Generations of Eggplant Var. PU. 
Control O.tW. 025% 050% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
Graph 36. Aver. Plant Height (cm) 
Induced by MMS in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.05% 0.075% 0.1)% 025% 0.50% 
Concentrations 
-M l -M2 M3 J 
Graph 38. Aver. Plant Height (cm) 
Induced by DES In Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.10% 025% 050% 0.75% 100% 
Concentrations 
- M 1 - -M2 MS 
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Gk-^ ph 39. Aver. Plant Height (cm) 
Induced by y-Rays In M1, M2 and M3 
Generations of Eggplant Var. PPL 
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GJraph41. Aver. Plant Height (cm) 
Induced by DMS in IM1, M2 and M3 
Generations of Eggplant Var. PPL 
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&aph 40. Aver. Plant Height (cm) 
Induced by MMS in M1, M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.05% 0.075% 0.t)% 025% 050% 
Concentrations 
>M1- -M2 M3 
Graph 42. Aver. Plant Height (cm) 
Induced by DES in Ml, M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.D% 025% 0.50% 0.75% 1.00% 
Concentrations 
-Ml -M2 M3 
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^ Oaph 43. Aver. No. of Branches/Plant 
Induced by y-Rays in M1, M2 and M3 
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S 1) 
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Z I' 
Generations of Eggplant Var. PU. 
Cpntrol 5kR t)kR 6kR 20kR 25kR 
Doses 
-M l -M2 M3 
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Oaph 44. Aver. No. of Branches/Plant 
Induced by MMS in Ml, M2 and MS 
Generations of Eggplant Var. PU. 
Control 0.05% 0.075% 0.0% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
Gr^ph 45. Aver. No. of Branches/Plant 
Induced by OMS in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
- M l - -M2 M3 
Q-aph 46. Aver. No. of Branches/Plant 
Induced by DBS in M1, M2 and M3 
Generations of Eggplant Var. PU. 
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TV^^^ 
CJS> 
Craj^ 47. Aver. No. of Branches/Plant 
induced by Y-Fiays inM1,M2andM3 
Generations of Eggplant Var. PPL. 
Pontrol 5kR lOkR 6kR 20kR 25kR 
Doses 
- M 1 - -M2 M3 
Qraph 49. Aver. No. of Branclies/Plant 
induced by DMS in Ml, M2 and iM3 
Generations of Eggpiant Var. PPL 
Control O.tWo 025% 0.50% 0.75% 100% 
Concentrations 
• Ml -M2 M3 
Grapii 50. Aver. No. of Branclies/Piant 
induced by DES in IM1, iM2 and M3 
Generations of Eggpiant Var. PPL 
Control 0.10% 025% 050% 0.75% 100% 
Concentrations 
- M l — » — M 2 M3 
Gk-aph 48. Aver. No. of Brancfies/Plant 
induced by MiMS in Ml, M2 and MS 
Generations of Eggplant Var. PPL 
Control 0.05% 0.075% O.V% 025% 0.50% 
Concentrations 
-Ml -M2 MS 
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(p-aph 51. Aver. No. of Fruits/Plant 
induced by y-Rays in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 5kR T)kR 6kR 20kR 25kR 
Doses 
-M1- -M2 M3 
Graph 53. Aver. No. of R-uits/Plant 
induced by DMS in M1, M2 and iM3 
Generations of Eggplant Var. PU. 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
• Ml -M2 M3 
Graph 52. Aver. No. of Fruits/Plant 
Induced by MMS in M1, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.05% 0.075% 0.t)% 025% 0.50% 
Concentrations 
- M 1 - -M2 M3 
Graph 54. Awer. No. of Fruits/Plant 
Induced by DES in IM1, M2 and M3 
Generations of Eggplant Var. PU. 
135 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
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G a^ph 55. Aver. No. of Fruits/Plant 
Induced by y-Ra'/s JnM1,M2andM3 
Qenerations of Eggplant Var. PPL 
control 5kR DkR BkR 20kH akR 
Doses 
-M1-»—M2 M3 
Qrapih 56. Aver. No. of Fruits/Plant 
Induced by MMS inM1,M2andM3 
Generations of Eggplant Var. PPL 
Control 0.05% 0,075% 0.t)% OJ25% 0.50% 
Concentrations 
-Ml -M2 M3 
^aph 57. Aver. No. of Rults/Plant 
Induced by DMS In M1, M2 and M3 
Generations of Eggplant Var. PPL 
(Control O.tWo 025% 050% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
&aph 58. Aver. No. of R-ults/Plant 
Induced by DBS bi M1, M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.10% 025% 0.50% 0.75% 1.00% 
Concentrations 
-M l -M2 M3 
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Graph 59. Aver. Ruit Weight/Plant (g) 
Induced by Y-Rays inM1,M2andM3 
Generations of Eggplant Var. PU. 
Gk-bph 61. Aver. R-ult Weight/Plant (g) 
Induced by DMS In M1, M2 and M3 
Qenerations of Eggplant Var. PU. 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
~^ Graph 60. Aver. R-uit Weiglit/Plant (g) 
inducedbyMMS in IM1, iM2andM3 
Generations of Eggplant Var. PU. 
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Gk-aph 62. Aver. R-uH Weight/Plant (g) 
Induced by DES in Ml, M2 and IMS 
Generations of Eggplant Var. PU. 
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{ GraiMi 63. Aver. Fruit Weight/Plant (g) 
induced by y-i^ys in M1, iM2 and M3 
Generations of EEggpiant Var. PPL 
Control 5kR VkB «kR 20kR 25kR 
Doses 
- M l -M2 M3 
G^ph 65. Aver. R-utt Weiglit/Plant (g) 
Induced by I3MS in iM1, M2 and MS 
Generations of Eggplant Var. PPL 
Control 0.t)% 025% 050% 0.75% 100% 
Concentrations 
Gk-aptt 64. Aver. Rult Weight/Plant (g) 
Induced by MMS In iM1, M2 and MS 
Generations of Eggplant Var. PPL 
Control 0.05% 0.075% 0.t)% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
Gk-aph 66. Aver. Fhjit Weight/Plant (g) 
Induced by DES in M1, M2 and MS 
Generations of Eggplant Var. PPL 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
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Q'aph 67. Aver. Fhitt Length (cm) 
Induced by y-Rays in Ml, M2 and M3 
(^nerations of Eggplant Var. PU. 
Control 5kR t)kR BkR 20kR 25kR 
Doses 
- M l — • — M 2 M3 
Graph 69. Aver. R-ult Length (cm) 
Induced by DMS n Ml, M2 and M3 
Generations of Eggplant Var. PU. 
v_ 
Control 0.t)% 025% 050% 0.75% 100% 
Concentrations 
I—*—Mr^i—M2 M3l 
Qtajph 68. Aver. R-ult Length (cm) 
Induced by MMS in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.05% 0.075% 0.t)% 025% 050% 
Concentrations 
pi»—Ml—«—M2 M3 I 
Gk-aph 70. Aver. R-ult Length (cm) 
Induced by DBS in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.10% 025% 050% 0.75% 100% 
Concentrations 
[ ^ ^ -M2 M3 
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r C a^ph 71. Aver. R-utt Length (cm) 
Induced by y-Rays In M1, M2 and M3 
snerations of Eggplant Var. PPL 
iontrol 5kR DkR 6kR 20kR 25kR 
Doses 
-M1 -M2 M3 
Q-aph 73. Aver. R-uit Length (cm) 
l ^ c e d t>y OMS In Ml, M2 and M3 
(fenerations of Eggplant Var. PPL 
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Control 0.10% 025% 050% 0.75% 100% 
Concentrations 
-Ml -M2 M3 
Q-aph 72. Aver. Firult Length (cm) 
Induced by MMS in Ml, M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.05% 0.075% 0.t)% 0.25% 0.50% 
Concentrations 
-Ml -M2 M3 
&aph 74. Aver. Hult Length (cm) 
biduced by DES in Ml, M2 and M3 
Generations of Eggplant Var. PPL 
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Control 0.10% 025% 0.50% 0.75% 100% 
Concentrations 
-Ml -M2 MS 
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Q^ph 75. Aver. H^tt Diameter (cm) 
induced t>y y-Rays In IM1, U2 and M3 
Qanerations of Eggplant Var. PU. 
"^ 
V 
Control 5kR t)kR CkR 
[loses 
{—«—M1-«—M2 
20 kR 
M3 
25 kR 
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Graph 76. Aver. Ruit Diameter (cm) 
Induced by INMe in iMI, IM2 and IMS 
Generations of Eggplant Var. PU. 
Control 0.05% 0.075% O.V% 025% 050% 
Concentrations 
- M l - -M2 M3 
Q-^pli 77. Aver. R-uit Diameter (cm) 
Induced by DMS in M1, M2 and IMS 
Generations of Eggplant Var. PU. 
Control 0.«% 025% 050% 0.75% 100% 
Concentrations 
- M l -M2 M3 
&aph 78. Aver. Fruit Diameter (cm) 
Induced by DES in Ml, M2 and M3 
Generations of Eggplant Var. PU. 
Control 0.10% 025% 0.50% 0.75% 100% 
Concentrations 
- M 1 - -M2 MS 
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Qaph 79. Aver. Fhiit Diameter (cm) 
Irxluced by y-Rays in Ml, M2 and M3 
generations of eggplant var. PPL 
Gk-apti 80. Aver. R-uit Diameter (cm) 
InducedbyMMS inM1,M2andM3 
Generations of Eggplant Var. PPL 
Control 5kR t)kR 15 kR 20 kR 25kR 
Doses 
- M 1 - -M2 M3 
Control 0.05% 0.075% 0.t)% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
^, /^ (Ek-aph 81. Aver. H-uit Diameter (cm) 
InducedbyDMS inM1,M2andM3 
Generations cA Eggplant Var. PPL 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
- M 1 - -M2 M3 
Gk-aph 82. Aver. R-uit Diameter (cm) 
Induced by DBS in Ml, M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.t)% 025% 050% 0.75% i00% 
Concentrations 
- M 1 - -M2 M3 
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Qraph 83.1000-Seeds Weight (g) 
Induced by y-Rays in M1, M2 and M3 
^nerations of Eggpiant Var. PU. 
Control 5kR t)kR BkR 20 kR 25 kR 
Doses 
| — » — M 1 - « — M 2 M3 | 
Cnph 85. lOOO-Seeds Welgtrt (g) 
nduced by DMS in M l , iM2 and M3 
Generations of Eggpiant Var. PU. 
Control 0.1)% 025% 050% 0.75% 100% 
Concentrations 
- M i - Ma M3 
Graph 84. IQOO-Seeds Weight (g) 
induced by iMMS in M l , IM2 and MS 
Generations of Eggpiant Var. PU. 
5.0 -, 
Control 0.05% 0.075% 0V% 025% 050% 
Concentrations 
- M l — • — M 2 M3 
Graph 86.1000-Seeds Weight (g) 
Induced by DES in M l , M2 and MS 
Generations of Eggpiant Var. PU. 
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Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
- M 1 - -M2 MS 
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Graph 87.1000-Seeds Weight (g) 
Induced by y-Rays In M l , M2 and M3 
Generations of Eggplant Var. PPL 
Qontrol 5kR t)kR 6kR 20kR 25kR 
Doses 
- M 1 - -M2 M3 
Gk-aph 88.1000-Seeds Weight (g) 
Induced by MMS in M l , M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.05% 0.075% 0.t)% 025% 0.50% 
Concentrations 
- M l -M2 M3 
l^aph 89.1000-Seeds Weight (g) 
^nduced by DMS in M l , M2 and M3 
Generations of Eggplant Var. PPL 
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Q-aph 90.1000-Seeds Weight (g) 
Induced by DBS in M l , M2 and M3 
Generations of Eggplant Var. PPL 
Control 0.t)% 025% 0.50% 0.75% 100% 
Concentrations 
>M1- -M2 M3 
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Crs^ 91 . Aver. Yield/Plant (kg) Induced^ 
by Y-Rays in M l , M2 and M3 
Generations of Eggplant Var. PU 
Gk^ph 92. Aver. Yield/Plant (kg) Induced 
by MMS in M l , M2 and M3 Generations 
of Eggpiant Var. PU. 
Cfontrol 5kR t)kR BkR 20kR 25kR 
Doses 
- M 1 - -M2 M3 
Control 0.05% 0.075% 0.10% 025% 050% 
Concentrations 
- M 1 - -M2 M3 
G^ph 93. Aver. Yieki/Plant (kg) Induced 
by DMS in M l , M2 and M3 Generatkxis 
of Eggplant Var. PU 
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Qrajph 94. Aver. Yiekl/Plant (kg) Induced 
by DBS in M l , M2 and M3 GeneratkNis of 
Eggplant Var. PU. 
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Gtaph 85. Aver. YteWPIant (kg) Induced 
tiyy-Rays inM1,M2andM3 
Gei^erations of Eggplant Var. PPL 
Qraph 96. Aver. Yield/Plant (kg) Induced 
by MMS in M l , M2 and M3 Generatkxis 
of Eggplant Var. PPL 
2.4 
Graph 97. Aver. VieM/Plant (kg) Induced 
by bMS In Ml , M2 and M3 GeneratkNis 
of Eggplant Var. PPL 
Control 0.0% 025% 050% 0.75% 100% 
Concentratk>ns 
-Ml -M2 M3 
f Gk-aph98. Aver. Yfekl/Ptant (kg) Induced 
byDES inM1,M!andM3Qeneratk)nsof 
Eggplant Var. PPL 
Control 0.t)% 025% 050% 0.75% 100% 
Concentratk>ns 
-Ml -M2 M3 J 
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Q-aph99. EHectiveness (Mp/KR) hKtuced 
by y-ttays in Varieties PU and PPL (IM2 
Generation). 
SkR CkR 6kfl 20kR 25kR 
Doses 
-PU -PPL 
Qraph 100. ETfectiveness (IMp/CT) 
Induced by MMS in Varieties PU and PPL 
(M2 Qeneration). 
0.05% 0.075% O.V% 025% 050% 
Concentrations 
-PU -PPL 
Graph 101. Effectiveness (Mpi/CT) 
Indeed by DMS in Varieties PU and PPL 
I (M2 Generations). 
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Concentrations 
100% 
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Graph 102. Effectiveness (Mp/CT) 
Induced by DCS in Varieties PU and PPL 
(M2 Generation). 
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&ap»^ 103. Efficiency (Mpl) Induced byy-
Rays In Varieties PU and PPL (M2 
generation). 
5kR T)kR CkR 20kR 25kR 
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Grafti 104. Efficiency (Mp/I) Induced by 
MMS In Varieties PU and PPL (M2 
Generation). 
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Gfaph 105. Efficiency (Mpl) Induced by 
DMS in Varieties PU and PPL {U2 
Generation). 
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Q-aph 106. Efficiency (M(VI) Induced by 
DES In Varieties PU and PPL (M2 
Generation). 
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daph 107. Bficiency (Mp/S) Induced by y-
Rqys in Varieties PU and PPL (M2 
Generation). 
5kR DkR CkR 20kR 25kR 
Doses 
-PU - •—PPL 
Gtaph 108. ENiciency (Mp/S) Induced by 
MMS in Varieties PU and PPL (M2 
Generation). 
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-PU -PPL 
Ojiph 109. Bficiency (Mp/S) Induced by 
DMS in Varieties PU and PPL (M2 
Generation). 
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Gtaph 110. Efficiency (Mp/S) Induced by 
DES in Varieties PU and PPL (M2 
Generation). 
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Explanation of Figures 
Figxire Plate 1. Cotyledonary and Vegetative Leaves in Control and Treated 
Populations of Solanum melongena L. Var. PU (Mi Generation). 
Fig. A. Seedling showing a pair of cotyledonary and vegetative leaves: green 
acute, attenuate, entire, opposite, linear and equal cotyledonary leaves; 
green rounded, obtuse, entire, opposite, ovate and unequal vegetative 
leaves (Control). 
Fig. B. Seedling showing unequal cotyledonary leaves with blunt, curled apex (10 
kR Gamma Rays). 
Fig. C. Seedling with unequal, lanceolate, oblong, entire, acute cotyledonary 
leaves (20 kR Gamma Rays). 
Fig. D. Seedling showing curled, unequal, lanceolate cotyledonary leaves (25 kR 
Gamma Rays). 
Fig. E. Seedling showing obtuse vegetative leaves, one vegetative leaf with deep 
notch at apex (0.075"/) MMS). 
Fig. F. Seedling with three cotyledonary leaves, two cotyledonary leaves laterally 
fused, apices are free, other cotyledonary leaf entire, lanceolate, acute 
(0.25% MMS). 
Fig. G. Seedling with three cotyledonary leaves, all free, broad, leathery (0.50% 
MMS). 
Fig. H. Reduced angle between cotyledonary leaves due to their shifting to one 
side, Overlapping (0.10% DMS). 
Fig. I. Seedling with three cotyledonary leaves, narrow, one leaf smaller (0.75% 
DMS). 
Fig. J. Fusion of cotyledonary leaves at the base (1.00% DMS). 
Fig. K. Fusioh of cotyledonary leaves at the base (0.5%DES). 
Fig. L. Seedling with two round, unequal vegetative leave, both has entire 
margins but varied apices: acute and round (1.00"/o DES). 
'^^ 
Plate - 1 
Explanation of Figures 
Figure Plate 2. Cotyledonary and Vegetative Leaves in Control and Treated 
Populations of Solatium melongena L. Var. PPL (Mi Generation). 
Fig. A. Seedling showing a pair of cotyledonary and vegetative leaves: green 
acute, attenuate, entire, opposite, linear and equal cotyledonary leaves; 
green rounded, obtuse, entire, opposite, ovate and unequal vegetative 
leaves (Control). 
Fig. B. Seedling with retuse and acute apices in cotyledonary leaves (5 kR 
Gamma Rays). 
Fig. C. Seedling with one rudimentary cotyledonary leaf, other bigger (25 kR 
Gamma Rays). 
t 
Fig. D. Seedling with three cotyledonary leaves, two cotyledonary leaves 
incompletely fused, their apices are free (0.10% MMS). 
Fig. E. Seedling with two cotyledonary leaves shifted to one side, incompletely 
fused at basal margins, different apices: acute and obtuse (0.25'yiiMMS). 
Fig. F. Seedling bearing significant unequal vegetative leaves: in first pair smaller 
one reduced, bigger leaf ovate, obtuse apex while, in second pair the 
biggerl leaf is obovate with retuse apex (0.50% MMS). 
Fig. G. Reduced angle between two cotyledonary leaves due to their shifting to 
one side (0.25"/. DMS). 
Fig. H. Seedling with three unequal cotyledonary leaves (0.50"/o DMS). 
Fig. I. Uneqyal cotyledonary leaves, bigger leathery leaf, notched on both sides of 
margiris and apex (1.00"/o DMS). 
Fig. J. Cotyledonary leaves bearing obtuse and retuse apices respectively 
(1.00%DES). 
Fig. K. Bigger leaf of second pair of vegetative leaves: leathery and obtuse (0.75% 
DBS). 
Fig. L. Seedling showing unequal and deshaped cotyledonary leaves (1.00"/i) 
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Figure Plate 3. Cotyledonary and Vegetative Leaves in Control and Treated 
Populations of Solamim melongena L. Var. PU (M2 Generation). 
Fig. A. Seedling showing a pair of cotyledonary and vegetative leaves: green acute, 
attenuate, entire, opposite, linear and equal cotyledonary leaves; green 
rounded, obtuse, entire, opposite, ovate and unequal vegetative leaves 
(Control). 
Fig. B. Seedling with two cotyledonary leaves fused at base (20 kR Gamma Rays). 
Fig. C. Seedling with deshaped cotyledonary leaves (25 kR Gamma Rays). 
Fig. D. Seedling with three unequal cotyledonary leaves (0.25% MMS). 
Fig. E. Seedling with three unequal cotyledonary condition, two leaves 
incompletely fused at lateral margins; apices are free (0.50"/i) MMS). 
Two vegetative leaves incompletely fused at lateral margins, their apices 
are fre6 (0.75% DMS). 
Reduced angle between cotyledonary leaves due to their shifting to one side 
(0.25% DMS). 
Seedling with incompletely fused cotyledonary leaves at lateral margins; 
apices pre free (0.75% DBS). 
H 
Plate -3 
Explanation of Figures 
Figure Plate 4. Cotyledonary and Vegetative Leaves in Control and Treated 
l^cpulations of Solatium melongena L. Var. PPL 
(Ml Generation). 
Fig. A. 
Fig.B. 
Fig.C. 
Fig. D. 
Fig. E. 
Fig. F. 
Fig. G. 
Fig.H. 
Fig.L 
Seedling showing a pair of cotyledonary and vegetative leaves: green 
acute, attenuate, entire, opposite, linear and equal cotyledonary leaves; 
green rounded, obtuse, entire, opposite, ovate and unequal vegetative 
leaves (Control). 
Fusion of both cotyledonary leaves at base (20 kR Gamma Rays). 
Underrdeveloped cotyledonary leaves (25 kR Gamma Rays). 
Seedling with three cotyledonary leaves, two cotyledonary leaves fused at 
entire lateral leaves margins, apices are free (0.25 %MMS). 
Three cotyledonary leaves, two cotyledonary leaves shifted to one side 
(0.50"/n MMS). 
Three cotyledonary leaves, two leaves are linear and oblong (0.75% DMS). 
Seedling with three cotyledonary leaves, two cotyledonary fused at base 
(1.00% DMS). 
Seedling bearing two oblong cotyledonary leaves, one cotyledonary leaf 
notched at both lateral margins and apex (0.75% DMS). 
Reduced angle between both cotyledonary leaves (1.00% DES). 
Plate -4 
Explanation of Figures 
Figure Plate 5. Screened Mutants, Induced by Gamma Rays in Solatium 
melongena L. Var. PU (M3 Generation). 
Fig. A. Plant with normal height, leaves, fruits and yield (Control). 
Fig. B. Mutant (Code: a^-l): woody stem, decrease no. of branches, bigger leaves 
and frpits, improved yield (5 kR Gamma Rays). 
Fig. C. Mutarit (Code: d?-2): bigger leaves and fruits, improved yield (5 kR Dose). 
C (Code: a -^2) 
Plate 5. A: Control, B-C: Mutants in 5 kR Gamma Rays. 
Plate - 5 
Figure Plate 6, 
Explanation of Figures 
Screened Mutants, Induced by MMS in Solattum melongena 
L. Var. PU (M3 Generation). 
Fig. A. Mutant (Code: c )^: smaller leaves; smaller, oval fruits; poor yield (0.075"/) 
MMS). 
Fig. B. Dwarf mutant (Code: d^): decrease no. of branches and fruits; smaller, 
I oblong fruits; poor yield (0.10% MMS). 
Fig. C. Mutadt (Code: e )^: reduced height; distinct spines on stem, petiole, midrib 
of leaves and flower buds; reduced yield (0.25% MMS). 
Fig. D. Mutant (Code: e )^: distinct spines on petiole and midrib of leaf (Close-
view) [0.25% MMS). 
Fig. E. Mutant (Code: e )^: distinct spines on stem and flower bud (Close-view) 
(0.25"/. MMS). 
' # . . 
C(Code:e') E(Code:e) 
Plate 6. A: Mutant in 0.075% MMS, B: Mutant in 0.10% MMS, 
C-E: Mutant in 0.25% MMS. 
Plate - 6 
Explanation of Figures 
Figure Plate 7. Screened Mutants, Induced by DMS in Solanum melongena 
L. Var. PU (M3 Generation). 
Fig. A. Mutant (Code: P): reduced height; more no. of smaller, oval fruits as 
compared to control plant, but overall reduced yield (0.50% DMS), 
Fig. B. Dwarf mutant (Code: gM): poor branching, comparatively bigger leaves as 
compared to control, sterile (no-fruiting) (1.00% DMS). 
Fig. C. Dwarf mutant (Code: g -^2): poor branching, comparatively smaller leaves 
as compared to control, sterile (no-fruiting) (l.OO'/n DMS). 
B (Code: gM) C (Code: g--2) 
Plate 7. A: Mutant in 0.50% DMS, B-C Mutants in 1.00% DMS. 
Plate - 7 
Explanation of Figures 
Figure Plate-8. Screened Mutants, Induced by DMS in Solanum melongena 
L. Var. PU (M3 Generation). 
Fig. A. Mutant (Code: hM): increased height and branches over control, larger 
purple fruits, improved yield (0.10% DES). 
Fig. B. Mutant (Code: h -^2): increased height and number of branches over 
control, larger fruits, improved yield (0.10% DES). 
Fig. C. Semi-dwarf Mutant (Code: i^ ): reduced height, poor branching, 
comparatively bigger leaves, sterile (no-fruiting) (0.75%) DES). 
Plate 8. A-B: Mutants in 0.10% DES, C: Mutant in 0.75% DES 
Plate - 8 
Explanation of Figures 
Figure Plate 9. Screened Mutants, Induced by Gamma Rays in Solanum 
nielongena L. Var. PPL (M3 Generation). 
Fig. A. Plant \v'ith normal height, leaves, fruits and yield (Control). 
Fig. B. Mutant (Code: j^): increased no. of branches, bigger fruits, improved yield 
(5 kR Gamma Rays). 
• . ' ^ , , ^ 
A (Control) 
B (Code: j3) 
Plate 9. A: Control, B: Mutant in 5 kR Gamma Rays. 
Plate - 9 
Explanation of Figures 
Figure Plate 10. Screened Mutants, Induced by Gamma Rays in Solarium 
nielongena L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: k^-l): increased height, increased no. of branches, normal 
leaf character, very low yield (15 kR Gamma Rays). 
Fig. B. Mutant (Code: k -^Z): giant size, increased height, profuse branching, larger 
leaveip, very low yield (15 kR Dose). 
A (Code: kM) 
B (Code: k^-Z) 
Plate 10. A-B: Mutants in 15 kR Gamma Rays. 
Plate -10 
Explanation of Figures 
Figure Plate 11* Screened Mutants, Induced by MMS in Solanum melougena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: P): increased height and branches, normal leaves, longer 
fruits, :reduced yield (0.05% MMS). 
Fig. B. Normd.1 mature fruits of control plant, longer fruits of mutant (Code: P) 
(0,05"/« MMS). 
Fig. C. Mutant (Code: m^): reduced height, decrease no. of branches, thicker 
purplej fruits, lesser in number, poor yield (0.075% MMS). 
Fig. D. Same jtlant (Code: m3) at mature stage (0.075% MMS). 
C (Code: m )^ D (Code: m )^ 
Plate 11. A-B: MuUnt in 0.05% MMS, C-D: Mutant in 0.075% MMS. 
Plate -11 
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Figure Plate 12. Screened Mutants, Induced by MMS in Solatium melongena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: nM): reduced height and branches; normal leaf character 
with green midrib; thicker, smaller dark purple fruits; poor yield (0.10"/(i 
MMS)L 
Fig. B. Mutant (Code: n3-2): reduced height; decreased no. of branches; normal 
leaves; thicker, bigger dark purple fruits; poor yield (0.10% MMS). 
Fig. C. Dwarf mutant (Code: n^-3): highly reduced height and branches; smaller 
leavesj thicker, bigger dark purple fruits; poor yield (0.10"/i) MMS). 
A (Code: nM) B (Code: n^ -Z) 
C (Code: n^-3) 
Plate 12. A -C: Mutants in O.W/o MMS. 
Plate-12 
Figure Plate 13 
Explanation of Figures 
Screened Mutants, Induced by MMS in Solarium melongena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: oM): poor branching and fruiting; thicker, smaller, oval 
fruits; poor yield (0.250% MMS). 
Fig. B. Mutant (Code: oM): spines on the calyx of mutant fruit (Close-view) 
(0.250"/. MMS). 
Fig. C. Mutapt (Code: o^-l): reduced height; decrease no. of branches and fruits; 
small oval fruits with elongated stalk; spines on calyx; poor yield (0.250% 
MM^). 
Fig. D. Mutant (Code: o3-2): spines on the calyx of mutant fruit (Close-view) 
(0.25(i%MMS). 
C (Code: o^ -Z) D (Code: 0 -^2) 
Plate 13. A-D: Mutants in 025% MMS. 
Plate-13 
Explanation of Figures 
Figure Plate 14. Screened Mutants, Induced by MMS in Solanum tnelongena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutaiit (Code: q-^ ): normal height and branches; decrease no. o( fruits; 
spines on stem, midrib and petiole of leaf, flower bud; reduced yield 
(0.50% MMS). 
Fig. B. Mutant (Code: q^ ): spines on the midrib of mutant leaf (Close-view) (0.50% 
MM^). 
Fig. C. Control leaf; mutant (Code: q^ ): spines on the midrib and petiole of mutant 
leaf (0.50% MMS). 
Mutant 
B (Code: q') C (Code: q^ ) 
Plate 14 A-C: Mutant in 0.50% MMS. 
Plate -14 
Explanation of Figures 
Figure Plate 15. Screened Mutants, Induced by DMS in Solarium melongena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: r^); increased no. of branches, longer dark purple fruits, 
imprcved yield (0.10% DMS). 
Fig. B. Mutant (Code: s^-l): decrease number of branches and fruits, thicker green 
fruits, poor yield (0.25% DMS). 
Fig. C. Semi-dwarf mutant (Code: s3-2): reduced height, lesser no. of branches and 
fruitsj thicker green fruits with purple stripes, poor yield (0.25% DMS). 
Fig. D. Mutafit (Code: t^ ): reduced height, decrease no. of branches and smaller 
fruits, poor yield (0.50% DMS). 
C (Code: s^ -Z) D (Code: t^ ) 
Plate 15. A- Mutant in 0.10% DMS, B-C: Mutants in 029/o DMS, 
D: Mutant in 0.50P/o DMS. 
Plate-15 
Explanation of Figures 
Figure Plate 16L Screened Mutants, Induced by DMS in Solatium melongena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: u^): spines on stem, leaves and buds, decrease no. of fruits, 
reduced yield (0.75% DMS). 
Fig. B. Mutant (Code: u^): spines on petiole, midrib, vein of leaf and flower bud 
(0.75% DMS). 
Fig. C. Mutant (Code: v^): normal height and branches, decrease no. of thicker 
fruits, distinct spines on calyx, poor yield (1.00% DMS). 
Fig. D. Control fruits; mutant thicker fruit (Code: v3) (1.00% DMS). 
Fig. E. Mutant (Code: v^): distinct spines on the calyx of mutant fruit (Close-view) 
(1.00'!^ . DMS). 
Control Mutant 
D (Code: v^ 
C (Code: v^ ) E (Code: v^ ) 
Plate 16. A-B: Mutant in 0.75% DMS, C-E: Mutant in 1.00% DMS. 
Plate -16 
Explanation of Figures 
Figure Plate 17, Screened Mutants, Induced by DES in Solannm melongena 
L. Var. PPL (M3 Generation). 
Fig. A. Mutant (Code: wM): decrease no. of branches and fruits, longer fruits, 
poor }ield (0.25% DES). 
Fig. B. Control fruits; mutant long fruits (Code: wM) (0.25% DES). 
Fig. C. Dwarf mutant (Code: w3-2): reduced height; decrease no. of branches and 
thicker, longer fruits; reduced yield (0.25"/n DES). 
Fig. D. Conti-bl fruits; mutant thicker, longer fruits (Code: w^-1) (0.25"/o DES). 
C (Code: w'-2) 
Plate 17. A-D: Mutants in 025% DES. 
Plate -17 
Explanation of Figures 
Figure Plate 18. Screened Mutants, Induced by DES in Solamtm melongena 
L. Var. PPL (M3 Generation). 
Fig. A. Semi-dwarf mutant (Code: x-^ ): reduced height; decrease no. of branches 
and fruits; thicker, bigger fruits; poor yield (0.75% DES). 
Fig. B. Control fruits; mutant thicker fruit (Code: x^ ) (0.75% DES). 
Fig. C. Semi-dwarf mutant (Code: y3): reduced height and branches, decrease no. 
of fruits, poor yield (1.00% DES). 
Fig. D. Dwarf mutant (Code: z^ ) with sterile flower buds (1.00% DES). 
C (CtH.u-: V -1) D (Code: y'-2) 
Plate IS. A-B: Mutant in 0.75% DMS, C-D: Mutants in l.OOyo DES. 
Plate -18 
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Figure Plate 19. Meiotic Studies in Solarium melongena L. (Mi Generation). 
Fig. A. Prophase-I (Diakinesis): 
Fig. B. Prophase^ (Diakinesis): 
Fig. C. Metaphase-I: 
Fig. D. Anaphase-II (Late): 
Fig. E. Telophase I: 
Fig. F. Metaphase-II: 
Fig. G. Anaphase-II (Late): 
Fig. H. Telophase-II (Early): 
Fig. I. Telophase-II (Late): 
pollen mother cell (PMC) showing 10-ring" + 2-
rod" (Control). 
PMC showing 4-ring" + 8-rod" (Control). 
PMC showing 1-ring" + 11-rod" at equator 
(Control). 
late separating chromosomes (Control). 
2-groups of chromosomes at poles (Control). 
2-groups of normal chromosomes at equator 
(Control). 
PMC showing late separating chromosomes 
(Control). 
4-groups of chromosomes at poles (Control). 
4-groups of chromosomes at poles (Control). 
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Figure Plate 20. Meiotic Abnormalities Induced by Gamma Rays in 
Solamim melongena L. Var. PU (Mi Generation). 
Fig. A. Prophase-I (Diakinesis): 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-I: 
Fig. D. Pro-metaphase-I: 
Fig. E. Metaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Anaphase-I: 
Fig. H. Telophase-I: 
Fig. I. Telophase-I; 
Fig. J. Metaphase-II: 
Fig. K. Metaphase-Il: 
PMC showing I'v + l"' + 6-ring" + 2-rod" + 1' (20 
kR Gamma Rays). 
PMC showing 3-ring" + 7-rod'> + 4' (25 kR Dose). 
secondary grouping of sticky chromosomes in 
two groups (25 kR Dose). 
unsynchronized movement of chromosomes (10 
kR Dose). 
stray chromosomes, clumping of chromosomes 
(25 kR Dose). 
PMC showing 3-laggards, unsynchronized 
movement of chromosomes, clumping in other 
group (20 kR Dose). 
double chromatin bridges (15 kR Dose). 
2-laggards (25 kR Dose). 
single chromatin bridge (15 kR Dose). 
2-groups of sticky chromosomes at equator (5 kR 
Dose). 
spindle rotation of one chromosome group at 
equator, clumping of chromosomes (25 kR Dose). 
Fig. L. Telophase-II: tripolar condition (20 kR Dose). 
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Figure Plate 21. Meiolic Abnormalities Induced by MMS in Solarium 
nielongena L. Var. PU (Mi Generation). 
Fig. A. Prophase-1 (Diakinesis): 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-I: 
Fig. D. Metaphase-I: 
Fig. E. Metaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Anaphase-I: 
Fig. H. Anaphase-I (Late): 
Fig. I. Metaphase-II: 
Fig. J. Meta-Anaphase-II: 
Fig. K. Telophase-II: 
Fig. L. Telophase-II: 
pollen mother cell (PMC) showing 2'" + 7 ring" + 
2 rod" (0.50"/o MMS). 
sticky chromosomes (0.25% Cone). 
secondary grouping of chromosomes in three 
groups and precocious movement of one 
chromosome (0.10% Cone). 
precocious separation of chromosomes (0.075% 
Cone). 
translocation ring of 10 bivalents + 2 free 
bivalents (0.50% Cone). 
2-laggards (0.25% Cone). 
single chromatin bridge (0.10% Cone). 
unequal separation (14+10) (0.05"/) Cone). 
stray chromosomes (0.25% Cone). 
unsynchronous movement of chromosomes, 
single chromatin bridge (0.10% Cone). 
1-laggard (0.25% Cone). 
dishirbed polarity (0.075% Cone). 
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Figure Plate 22. Meiotic Abnormalities Induced by DMS in Solanum 
melongena L. Var. PU (Mi Generation). 
Fig. A. Propbase-I (Diakinesis): 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-I: 
Fig. D. Anaphase-I: 
Fig. E. Anaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Metaphase-II: 
Fig. H. Metaphase-II: 
Fig. I. Metaphase-II: 
Fig. J. Meta4Anaphase-II: 
Fig. K. Anaphase-II (Early): 
pollen mother cell (PMC) showing 3'v + 1-ring" + 
4-rod" + 2' (0.75% DMS). 
secondary grouping of sticky chromosomes in 
two groups (0.10% Cone). 
precocious separation of chromosomes (1.00"/) 
Cone). 
4-laggards (0.25% Cone). 
single chromatin bridge (0.75"/) Cone). 
unequal separation of chromosomes (13+11) 
(0.50% Cone). 
stickiness of chromosomes, precocious separation 
of chromosomes at one end (0.10"/) Cone). 
stray chromosomes (0.25'/i Cone). 
2-translocation rings at equator (0.50"/) Cone). 
unsynchronous movement of chromosomes, 
single chromatin bridge, stickiness at one end, 2 
stray chromosomes (0.50"/> Cone). 
unsynchronous movement of chromosomes, 2-
laggards at one end (0.25"/i Cone). 
Fig. L. Telophase-II: 3-laggards (1.00"/u Cone). 
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Figure Plate 23. Meiotic Abnormalities Induced by DES in Solanum 
melongena L. Var. PU (Mi Generation). 
Fig. A. Propjiase-I (Diakinesis): 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-I: 
Fig. D. Metaphase-I: 
I 
I 
Fig. E. Metaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Anaphase-I: 
Fig. H. Anaphase-I (Early): 
Fig. I. Anaphase-I: 
Fig. J. Metaphase-II: 
Fig. K. Metaphase-II: 
Fig. L. Telophase-II: 
pollen mother cell (PMC) showing 1'" + 10-ring" + 
11 (0.50% DES). 
stickiness of chromosomes (0.10% Cone). 
secondary grouping of sticky chromosomes in 3 
groups (0.50% Cone). 
all 12-bivalents together constitute a translocation 
ring (1.00% Cone). 
disoriented clumped chromosomes, precocious 
movement of 4-chromosomes (0.25"/(i Cone.) 
2-laggards (0.75% Cone). 
single chromatin bridge, 1 laggard, forward 
movement of chromosome (0.50"/ti Cone). 
multiple chromatin bridges between separating 
chromosomes (1.00% Cone). 
unequal separation of chromosomes (15+9) 
(0.25% Cone). 
stray chromosomes (0.50% Cone). 
spindle rotation of the chromosome groups at 
equator, stray chromosomes, clumping of 11-
chromosomes in each group (0.75"/n Cone). 
disturbed polarity among 4-groups of 
chromosomes (O.ySVo Cone). 
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Figure Plate 24. Meiotic Abnormalities Induced by Gamma Rays in 
Solanum nielongena L. Var. PPL (Mi Generation). 
Fig. A. Prophase-I (Diakinesis) 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-II: 
Fig. D. Anaphase-I: 
Fig. E. Anaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Metaphase-II: 
Fig. H. Metaphase-II: 
Fig. I. Metaphase-I: 
Fig. J. Telophase-II: 
Fig. K. Telophase-II: 
Fig. L. Telophase-II: 
PMC showing I'v + 9-ring" + 1-rod" (15 kR 
Gamma Rays). 
PMC showing 4-ring'i + 6-rod" + 4' (25 kR Dose). 
secondary grouping of sticky chromosomes in 4 
groups (10 kR Dose). 
1-laggard, unsynchronized movement of 
chromosomes (25 kR Dose). 
single chromatin bridge (20 kR Dose). 
unsynchronized movement of chromosomes (15 
kR Dose). 
sticky chromosomes at equator (10 kR Dose). 
precocious movement, clumping of chromosomes 
in 3+1 groups (10 kR Dose). 
1-octavalent + 8-Bivalents, disoriented 
chromosomes in two groups (25 kR Dose). 
1-laggard (15 kR Dose). 
disturbed polarity (15 kR Dose). 
4-groups of chromosomes arranged on 3-poles, 
one laggard, (Tripolar condition) (20 kR Dose). 
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Figure Plate 25. Meiotic Abnormalities Induced by MMS in Solanum 
melongena L. Var. PPL (Mi Generation). 
Fig. A. Prophase-I (Diakinesis): 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-I: 
Fig. D. Metaphase-I: 
Fig. E. Metaphase-I: 
Fig. F. Metaphase-I: 
Fig. G. Pro-metaphase-I: 
Fig. H. Anaphase-I: 
Fig. I. Anaphase-I: 
Fig. J. Anaphase-I (Late): 
Fig. K. Telophase-I: 
Fig. L. Telophase-II: 
pollen mother cell (PMC) showing 8-ring" + 4-
rod" (0.25"/(, MMS). 
PMC showing I'v + 7-ring" + 3-rod" (0.05% 
Cone). 
stickiness among chromosomes (0.075"/(i Cone). 
secondary grouping of sticky chromosomes in 
two groups (0.25% Cone). 
stray chromosomes (0.50% Cone). 
10-bivalents clumped together forming a 
translocation ring + 2-bivalents free (0.10% 
Cone). 
disoriented chromosomes (0.075% Cone). 
2-laggards (0.25% Cone). 
multiple chromatin bridges (0.50"/(i Cone). 
unequal separation of chromosomes (14+10) 
(0.50% Cone). 
single chromatin bridge (0.10% Cone). 
5-nucleate condition (0.50"/(i Cone). 
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Figure Plate 26. Meiotic Abnormalities Induced by DMS in Solanwn 
melongena L. Var. PPL (Mi Generation). 
Fig. A. Prophase-I (Diakinesis) 
Fig. B. Metaphase-I: 
Fig. C. Metaphase-I: 
Fig. D. Metaphase-I: 
Fig. E. Anaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Anaphase-I: 
Fig. H. Anaphase-I (Early): 
Fig. I. Metaphase-II: 
Fig. J. Meta-Anaphase-II: 
Fig. K. Telophase-II: 
Fig. L. Xelophase-II: 
pollen mother cell (PMC) showing 6-ring" + 6-
rod" + 1-fragment (0.25% DMS). 
clumping of chromosomes (0.10%Conc.). 
secondary grouping of clumped chromosomes in 
3-groups + 3-chromosomes are free (1.00% 
Cone). 
10-bivalents clumped together forming a 
translocation ring + 2 bivalents free (0.50"/(i 
Cone). 
1-laggard (0.25% Cone). 
2-laggards and stickiness of chromosomes (0.75"/i) 
Cone). 
2- chromatin bridges (1.00"/n Cone). 
unequal division of chromosomes (0.10% Cone). 
spindle rotation of one chromosome group at 
equator, clumping of chromosomes (0.75"/o 
Cone). 
unsynchronous movement of chromosom.es 
(0.50% Cone). 
disturbed polarity (0.75% Cone). 
5-nucleate condition (1.00% Cone). 
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Figure Plate 27. Meiotic Abnormalities Induced by DES in Solatium 
melongena L. Var. PPL (Mi Generation). 
Fig, A. Prophase-I (Diakinesis): pollen mother cell (PMC) showing 6-ring" + 4-
rod" + 4' (1.00% DES). 
Fig. B. Prophast-I (Diakinesis): PMC showing 8-ring" + 3-rod" + 2' (0.75% Cone). 
Fig. C. Metaphase-I: 
Fig. D. Metaphase-I: 
Fig. E. Anaphase-I: 
Fig. F. Anaphase-I: 
Fig. G. Anaphase-I (Late): 
Fig. H. Metaphase-II: 
Fig. I. Metaphase-II: 
Fig. J. Telophase-II: 
Fig. K. Telophase-II: 
Fig. L. Telophase-II: 
secondary association of chromosomes in 2 
groups (0.50"/o Cone). 
precocious movement of chromosomes (0.25"/n 
Cone). 
single chromatin bridge (0.25% Cone). 
double chromatin bridges (0.75"/o Cone). 
2-sticky groups of chromosomes at poles (0.25% 
Cone). 
precocious separation and clumping of 
chromosomes in one group (0.50"/(i Cone). 
1-translocation ring in each group, 
unsynchronous movement of chromosomes 
(0.75r» Cone). 
tripolar condition (0.25"/o Cone). 
2-laggards (0.50% Cone). 
b'ipolar condition (1.00% Cone). 
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CHAPTER -5 
DISCUSSION 
The present discussion is mainly based on the effect of gamma rays, 
methyl methane sulphonate (MMS), dimethyl sulphate (DMS) and diethyl 
sulphate (DES) on seed germination, morphological variations, plant survival, 
pollen fertility, growth and yield as well as chromosomes in Mi, M2 and M3 
generations. The probable reasons regarding the cytomorphological variations 
induced by mutagens have been discussed. 
I, Morphological Studies: 
A. Seed Germination: 
Seed germination is an important parameter to estimate the effect of 
mutagens on plants. In the present investigation the seed germination 
gradually decreased with increasing doses/concentrations of all four 
mutagens. The minimum germination recorded in MMS and gamma rays has 
shown their highest inhibitory effect on germination in varieties PU and PPL 
respectively. The reduced germination due to inhibitory effect of gamma rays 
and chemical mutagens (MMS, DMS and DES), as observed in the present 
investigation in Solarium melongena L., has also been reported in the same 
plant by several workers (Hussein & Siddiqui, 1997; Shahab & Ansari, 2007; 
Shahab et ah, 2007; Alka et al, 2007). Similar inhibitory effect of mutagens on 
seed germination in Lathynis sativiis L. (Kumar & Dubey, 1998a), Cicer 
arietinum (Jabee & Ansari, 2005), Vicia faba (Agarwal & Ansari, 2001; Khan et 
al, 2006a; Bhat et al, 2007a), Zea mays (Kumar & Rai, 2007a), Tngonella 
foenum-grnecum (Siddiqui et al, 2007; Jabee et al, 2008), Helianthus annuus 
(Khursheed et al, 2008), Cichorium intybus (Ahmad et al, 2009), has also been 
demonstrated by earlier studies. 
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Several workers have attempted to explain the causes responsible for 
inhibition in seed germination. It may be due to inhibition of growth 
regulators (Sideris et al, 1971) and metabolic disturbances during 
germination (Ananthaswamy et al, 1971). Griffith and Johnson (1962) and 
Srivastava (1979) considered that reduction in germination percentage was 
due to weakening and disturbances of growth process regulated in early 
elimination of seedlings. Krishna et al. (1984) considered that the mutagen 
reached inside the seed through imbibition process and imbalanced the cell 
system, inhibiting the normal metabolic activity. Kumar and Rai (2007b) have 
reported that reduction in seed germination is due to the effect of mutagen on 
meristematic tissues of the seed and due to the chromosomal damage caused 
by mutagen. It may also be due to the presence of incompletely developed 
embryos in seeds (Falque, 1994). 
It has been observed that mutagens, besides reducing the percentage of 
seed germination, have also caused a remarkable delay in seed germination in 
both the varieties of Solarium melongena L. The maximum delay in seed 
germination was observed in MMS followed by DMS/DES and gamma rays 
in both varieties. Delayed germination after the treatment of seeds with 
different mutagens has been established in various plants, such as 
Lycopersicon esculentum (Van Der Veen & Hildering, 1965), Triticum aestivum L. 
(Kleinhofs et al., 1978), Pennisetunt glaucum (Rao, 1983), Solanum melongena L. 
(Salam, 1990; Hussein & Siddiqui, 1997), Ammi majus L. (Tabassum, 2002), Zea 
mays L. (Kumar & Rai, 2007a), Helianthus annuus L. (Khursheed et al, 2008). 
Favret (1963) reported that delayed seed germination caused by various 
mutagens may be due to the depression in the rate of mitotic proliferations. 
The denatured DNA caused by mutagenic treatment, after sometime, may be 
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repaired resulting in the activation of biological processes involved in 
germination and thus delayed germination has been observed (Hutterman et 
al, 1978). In treated populations the delayed germination might be due to 
chromosomal aberrations/delay in DNA synthesis/delayed metabolic 
process. 
B. Variations in Leaf Morphology of Seedlings and Older Plants: 
Generally, the frequency of variations increased with increasing 
doses/concentrations of mutagens, the maximum being in MMS followed by 
DMS, DES and gamma rays in Mi generation in varieties PU and PPL and 
that the frequency of variations was more in Mi than the mutations in M2 and 
M3 generations. It means that most of the variations occurred as adopted 
dominant characters in Mi but in M2 and M3 the adopted characters were 
eliminated and the recessive mutations appeared along with few 
homozygous dominant mutations. The variations in the leaf morphology of 
seedlings, such as unequal size, tricotyledonary condition, fusion of margins, 
curling, decreased thickness, blunt/obtuse leaf tips, decreased angle between 
cotyledonary leaves, variations in the apex such as acute, obtuse, notching etc. 
were observed in cotyledonary and vegetative leaves. The variations 
observed in older plants were: bifurcation, size, shape and thickness of leave; 
stunted/improved growth; improved/poor branching and fruiting; 
increased/reduced fruit size etc. Similar abnormalities have also been 
reported by Krishna et al. (1984) in Chloris gayana Kunth; Murray and Wilson 
(1991) in Medicago truncatula; Vandana and Dubey (1988), Vandana (1992) and 
Kumar et al. (1993) in Vicia faba; Salam (1990) and Zeerak (1998) in Solatium 
melongena L.; Tabassum (2002) in Ammi majus L.; Jabee and Ansari (2005) in 
Cicer arietinum. 
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Concomitant iiicrease in the free amiiio acid contents in leaves may 
cause the formation of abnormal leaves (Hagen & Gunckel, 1958). The leaf 
abnormalities may be either due to the disturbance in metaboHc activities 
after mutagenic treatments (Devreux & Scarascia-Mugnozzci, 1964) or due to 
chromosomal aberrations (Venkateshwarlu et al, 1988). 
C. Plant Survival: 
The plant survival was the highest in gamma rays followed by DES, 
MMS and DMS in variety PU, and in variety PPL the order of plant survival 
was observed as gamma rays>DES>DMS>MMS. Moreover, the lethahty 
increased with increasing doses/concentrations of all four mutagens, the 
highest being in DMS and MMS in varieties PU and PPL respectively. 
Reduction in plant survival with increasing doses/concentrations of 
mutagens as reported in both varieties of Solanurn melongena L. at present, has 
also been reported by Vandana and Dubey (1988) in faba bean, Edwin and 
Reddy (1993) in triticale, Kumar and Dubey (1998a) in khesari, Dhamayanthi 
and Reddy (2000) in chilli pepper, Kaha et al. (2001) in wheat and Khursheed 
et al. (2008) in sunflower. Decreased plant survival in treated populations 
could be due to disorder in physiological activities or chromosomal damage 
leading to mitotic arrest. 
The reduction in survival at higher mutagenic level has been attributed 
to various factors, such as the chromosomal damage leading to mitotic arrest 
(Khursheed et al, 2008), changes in the metabolic actiivity of the cells 
(Natarajan and Shivashankar, 1965), inhibitory effect of mutagen (Sree 
Ramulu, 1972) and balance between growth promoters and inhibitors 
(Meherchandani, 1975). 
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D. Pollen Fertility/Sterility: 
The reduction in pollen fertility was found to be dose dependent in all 
four mutagens and decreased in their increasing doses/concentrations in 
both varieties. It was comparatively lower in the first generation in all 
mutagenic treatments but gradually increased in the subsequent generations. 
The pollen fertility was the lowest in MMS followed by DMS, DES and 
gamma rays in PU, while in PPL the order of reduction in pollen fertiUty was 
MMS>DES>DMS>gamma rays in Mi generation. Consequently the yield 
decreased simultaneously in these concentrations, giving the evidence that 
pollen fertility had directly affected the fruit set. Similar results were also 
observed by Alka et al. (2007) in Solanum melongena L. regarding the reduction 
in pollen fertility with increasing doses/cone, of mutagens. 
The negative effect of mutagens on pollen fertility may be due to 
cumulative effects of various meiotic aberrations (Jabee & Ansari, 2005; Khan 
et al, 2009a). Chromosomal anomalies like univalents, multivalents, 
stickiness, laggards, bridges, micronuclei etc. are closely associated with 
pollen sterility in mutagen treated populations (Reddy & Rao, 1981, 1982; 
Singh, 1992; Anis & Wani, 1997; Kumar & Tripathi, 2004; Kumar & Rai, 2007c; 
Cali, 2008; Jabee et al, 2008) and the accumulation of more and more 
chromosomal abnormalities greatly affected microsporogenesis leading to the 
formation of non-viable gametes, which considerably reduced plant fertility 
(Kumar & Rai, 2007c & Cali, 2009). The fact that meiotic abnormalities are 
responsible for pollen sterility has been supported by Sinha and Godward 
(1972), Koul (1990), Pagharini and Pereira (1992), Zeerak (1992), Pagliarini et 
al. (1993), Consolaro et al. (1996), Taschetto and Pagliarini (2004), Khan et al. 
(2009a) etc., because meiosis is more prone to any conceivable type of 
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disturbances (Darlington, 1937; Swanson, 1957). According to Reddi (1977) 
the pollen sterility was the result of interchange of segments between non-
homologous chromosomes. Low chiasma frequency may be one of the causes 
of low pollen fertility, because chiasmata are responsible for the maintenance 
of the bivalents which permit normal chromosome segregation and this 
process ensures pollen fertihty (Defani Scoarize et ah, 1995a; Pagliarini, 1990; 
Consolaro et al, 1996), Srivastava and Kapoor (2008) reported that spindle 
related aberrations like tripolarity, multipolarity and unorientation may cause 
the formation of unbalanced and sterile gametes affecting the plant fertihty. 
Siddique and Ansari (2005) concluded that irregular distribution of 
chromosomes at telophase-II might be one of the reasons of pollen sterility in 
Solarium mdongena L., which ultimately lead to low fruit set. 
The percentage of pollen sterihty was relatively much less in M2 and 
M3 generations than in Mj, indicating that some sort of recovery mechanism 
must have operated in the intervening period. Therefore, it may be assumed 
that in the irradiated and chemically treated populations of Solanum 
melongena L. the chromosomal disturbances and physiological causes were 
responsible for the sterility of pollen grains. 
E. Seedling and Plant Height: 
The average height of seedlings and plants decreased with increasing 
doses/concentrations of mutagens used. Similar results were observed in the 
same plant by several workers (Hussein & Siddiqui, 1997; Shahab et al, 2007; 
Shahab & Ansari, 2007). Reduction in seedling and plant height was also 
observed by Vandana & Dubey (1988) and Agarwal and Ansari (2001) in 
Vicia, Singh et al. (1993) in Brassica, Sharma and Anis (1995) and Omar et al. 
(2008) in Capsicum, Khan (1990) and Das et al. (2004) in Vigna, Nabipour et al. 
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(2004) in Helianthus and Stamo et al. (2007) in Triticum species. The extent of 
decrease in seedling height was not same in varieties PU and PPL. The 
maximum decrease in seedling height and mature plant height was observed 
in DMS followed by MMS, DES and gamma rays in variety PU, while in 
variety PPL it was observed in MMS followed by DMS, DES and gamma rays. 
This kind of differential response has also been reported in Solatium melongena 
L. by Hussein and Siddiqui (1997). 
Salam (1990) concluded that the reduction in seedling growth may be 
due to the gross injury caused at cellular level, either due to gene controlled 
biochemical process and/or acute chromosomal aberrations. Chromosomal 
damages or inhibition of cell division may be one of the chief reasons of 
reduced seedling growth (Gray & Read, 1950; Thoday, 1954; Sparrow et al, 
1961; Arumugam et al, 1997). Uneven damage to meristematic cells as a result 
of genetic injuries and physiological disturbances, caused reduction in 
seedling and plant growth (Ansari & Siddiqui, 1996). Arumugam et al (1997) 
considered that the reduction in seedling height after mutagenic treatments is 
generally due to inhibition of mitotic proliferation and variation in auxin 
level. 
Several workers have explained the causes of decreasing height due to 
mutagenic treatments. According to Gunckel (1957) the possible influence of 
phytohormones and other physiological disturbances are responsible for 
stunted plant growth. Gupta and Sumata (1967) reported that auxin had a 
rapid turn over rate in metabolically active tissues and its biosynthesis is very 
sensitive to the ionizing radiation, hence affecting the growth. Ansari and 
Siddiqui (1995) reported that injury caused to the meristematic cells may be 
responsible for reduction in growth. Kumar and Tripathi (2008) are of opinion 
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that the reduction in plant height can be attributed to chromosomal 
abnormalities after the treatment of mutagenic chemical. 
The facts remain that the chromosomes, carrying various genes 
responsible for the life process and expression, are one of the most sensitive 
elements and the damage to any part of these vital and tiny elements are 
bound to go a long way to bring about various physiological and metabolic 
disorders, which in turn bring about several morphological and growth 
abnormaUties in the plant or plant organs (Tabassum, 2002). This may be 
supported by the occurrence of various chromosomal abnormahties induced 
in Solanum melongena L. by gamma rays, MMS, DMS and DES in present 
investigation. Therefore, it may be concluded that the chromosome and gene 
mutations are the causes of reduced germination and growth of seedlings and 
mature plants along with the physiological reasons as discussed above. 
F. Yield: 
Yield is a very important parameter in mutation breeding, because 
ultimately the plant breeder wants to improve the yield. Generally the yield 
decreased with increasing doses/concentrations of gamma rays, MMS, DMS 
and DES in varieties PU and PPL, but an increase in yield per plant was 
observed in the lowest dose/cone, of gamma rays and DES in PU and gamma 
rays in PPL. The yield parameters, such as number of branches per plant, 
number of fruits per plant, fruit weight per plant and fruit size (fruit length 
and fruit diameter) also increased in the lowest dose/cone, of gamma rays 
and/or DES in both varieties. The 1000-seeds weight increased over contiol 
in the lowest dose of gamma rays in variety PU only due to a slight increase 
in the size of seeds. 
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Such decreasing trend in yield parameters have also been reported as 
result of the treatment with different kinds of chemicals by various workers 
such as Reddy and Rao (1982) and Lakshmi et at. (1988) in Capsicum annuum, 
Temple (1990) in Lycopersicon esculentum, Zeerak (1990) in Solanum melongena 
L., Maheshwari and Chand (1991) in Hyoscyamus muticus, Jain and Agarwal 
(1993) in Trigonella foenutn-graecum, Kumar et al. (1993) and Khan et al. (2005a, 
b, 2006a, b) in Vicia faba, Khalil (2001) in Carum carvi, Tabassum (2002) in 
Ammi majus, Banu et al. (2005) in Vigna unguiculata, Pavadai and Dhanavel 
(2004) and Karthika and Lakshmi (2006) in Glycine max, Khursheed et al. 
(2009) in Helianthus annuus etc., while the increase in yield in lower doses of 
mutagens have earlier been recorded in a number of crops such as triticale 
(Viswanathan et al, 1994), Vicia faba (Vandana & Dubey, 1988 & Khan et al, 
2005a, b, 2006a, b), Vigna radiata (mungbean) (Khan et al, 1999), hens culinaris 
(Verma et al, 1999), Triticum aestivum (KaUa et al, 2000), Trigonella foenum-
graecum (Jabee et al, 2007), Helianthus annuus (Khursheed et al, 2009) etc. The 
reason for the increased yield in lower doses/concentrations may be 
attributed to the enhancing effect (Jahagirdar, 1975; Kothekar, 1983) and 
growth regulatory effect of mutagen (Audus, 1961). 
The decrease in yield occurred due to induced disturbances in meiosis 
which affected the frequency of normal microspores upto greater extent and 
the megaspores to a lesser extent and hence the fruit set was directly affected. 
Singh and Chowdhury (1972) are also of the opinion that various 
chromosomal abnormalities are related with lower pollen fertility and 
ultimately the lower seed set. 
As the plant sterility was directly proportional to the administered 
doses and concentrations of mutagens, it can further be presumed that the 
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mutagenic treatments affected both the male and female gametophytes more 
or less similarly. However, pollen sterility appeared to be more responsible, 
because the yield decreased under the condition of high pollen sterility 
(Lakshmi et al, 1988). This effect may also be interpreted as due to 
detrimental mutations, which are supposed to occur more frequently 
(Khamankar, 1974). The reason for the reduction in yield in higher 
doses/concentrations of gamma rays, MMS, DMS and DES may be due to its 
highly genotoxic nature, which might have resulted in chromosomal damage, 
physiological disturbances, failure or restricted pairing, delay in DNA 
synthesis and/or disturbed spindle formation and high pollen sterility. 
Though there was general trend of decrease in yield in Solanum 
melongena L, but some positive mutants showing higher yield have been 
isolated in M2 and M3 generations. However, the increase in mean values for 
quantitative traits could be due to the occurrence of polygenic mutations with 
cumulative effects (Singh etal, 2000b). 
G. Mutagenic Effectiveness and Efficiency: 
The usefulness of any mutagen in plant breeding depends not only on 
its effectiveness but also upon its efficiency. In the present experiment, 
generally the mutagenic effectiveness decreased with increasing 
doses/concentrations of gamma rays, DMS and DES, but it was higher in 
some lower concentrations of MMS in both varieties. The order of mutagenic 
effectiveness as determined on the basis of mutated plant progenies in M2 
generation was MMS>DMS>DES>gamma rays in varieties PU and PPL. The 
decline in the mutagenic effectiveness at higher doses was due to elimination 
of highly affected seedlings or plants at an early stage. Therefore it was found 
to be inversely proportional to the increasing concentrations of mutagens. 
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Moreover, MMS was more effective followed by DMS. 
Similar results as observed with gamma rays and MMS were also 
noted by Reddi & Suneetha (1992) in rice, which provided the evidence that 
effectiveness did not necessarily increase linearly with increasing doses; 
rather every dose had its own effectiveness, independent of the other lower 
and higher doses. Mutagenic effectiveness was found to be higher at lower 
doses/cone, of physical and chemical mutagens in Nigella sativa L. (Mitra & 
Bhowmik, 1999), Lathjrus sativus L. (Waghmare & Mehra, 2001), in Vigna 
radiata L. (Singh & Singh, 2001), Vigna mungo (L.) Hepper (Sharma et al, 2005) 
and considered that the chemical mutagens showed higher effectiveness in all 
above mentioned plants. 
The mutagenic efficiency indicates the extent of genetic damage 
recorded in Ma generation in relation to the biological damage caused in the 
same generation. The orders of mutagenic efficiency with regard to inhibition 
in germination (Mp/I) were MMS>DMS>DES>gamma rays and 
DMS>MMS>DES>gamma rays and the orders of efficiency with regard to 
pollen sterility (Mp/S) were DMS>DES>MMS>Gamma rays and Gamma 
rays>DMS>DES>MMS in varieties PU and PPL respectively. DMS was 
generally more efficient. Solanki and Sharma (1994) considered that the 
higher efficiency of a mutagen indicates relatively less biological damage (i.e. 
seedling injury, sterility etc.) in relation to the mutation induced. In the 
present investigation the alkylating agents were found more efficient than 
gamma rays. Similar results have been reported in various crops by several 
workers (Waghmare & Mehra, 2001; Sharma et al, 2005; Shah et al, 2006). 
Whereas in the case of efficiency (Mp/I) MMS and DMS were found most 
efficient in varieties PU and PPL, in case of efficiency (Mp/S) DMS and 
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gamma rays were found most efficient in variety PPL out of all four 
mutagens. 
II. Meiotic Studies: 
Meiotic study is very important aspect in mutation breeding 
experiment. Mutagens which cause morphological and cytological 
abnormalities generally act on DNA structure, which ultimately causes 
different types of meiotic irregularities. So by the meiotic studies we can 
observe the potentiality of mutagens. As a result of treatment of seeds with 
physical and chemical mutagens, the plants showed vaiying degrees of 
meiotic abnormahties, like univalents, multivalents, stickiness, secondary 
associations, precocious movement, stray chromosomes, translocation, 
spindle rotation, laggards, bridges, unequal separation, disturbed polarity, 
tripolar distribution of chromosomes and reduction in chiasma frequency. 
Generally the meiotic abnormalities increased with increasing 
doses/cone, of physical and chemical mutagens in the present study and this 
trend has been supported by many workers (Anis & Sharma, 1997; Jabee & 
Ansari, 2005; Bhat et al, 2007; Khan et al, 1998a, 2007b, c, 2009a; Jabee et al, 
2008). The maximum frequency of meiotic abnormahties was observed in 
MMS followed by DMS, DES and gamma rays in both varieties. Their 
frequencies were higher in Mi generation but gradually decreased in 
subsequent generations due to ceasing toxic effect of mutagens as well as 
DNA repair mechanism. 
A. Univalents: 
The univalents were absent in some lower doses/cone, but generally 
increased in increasing doses/ cone, of mutagens in both varieties. The 
frequency was the highest in Mi generation, but decreased in Mi and M3 
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generations. The increased heterozygosity in homologous resulted in non-
pairing and consequently the formation of univalents. 
According to Zeerak (1992) the mutagen-induced structural changes in 
chromosomes and gene mutations might be responsible for the failure of 
pairing among homologous chromosomes and hence the presence of 
univalents. Previously it has been reported that the presence of univalents at 
metaphase-I might be due to asynapsis (lack of chromosome pairing during 
the late prophase-I), so that the homologous chromosomes failed to pair 
(Kaltsikes, 1973, Gustafsson, 1983) or desynapsis (inabihty to retain chiasmata 
in synapsed homologous chromosomes) resulting in premature separation of 
bivalents, so that the separated chromosomes will not be able to orient 
themselves at equatorial plate (Tsuchiya, 1970). Koduru & Rao (1981) are also 
of the opinion that the univalents occur due to asynaptic or desynaptic genes 
in prophase-I. Gottschalk and Kleine (1976) explained that the chromosome 
pairing is under the control of 2 groups of genes viz. as and ds which when 
present in recessive state, may cause chromosome pairing to fail. The 
emergence of univalents could also be due to precocious chiasma 
terminalization (Gottschalk & Kaul, 1980b; Sidhu, 2008). Thus, reduced 
chiasma frequency as a result of increased heterology may be one of the 
reasons of increased number of univalents with increasing doses/cone, of 
mutagens (Gottschalk & Kaul, 1980a; Jabee & Ansari, 2005). 
The absence or highly reduced number of univalents in M3 generation 
was due to the fact that desynapsis or asynapsis did not occur due to the 
ceasing effect of mutagens and the normal pairing of bivalents. It may also be 
due to repair mechanism in the case of damaged DNA. Some of these 
univalents were later on found to be laggards at anaphase-I and telophase-I 
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Stages. Thus, gamma rays, MMS, DMS and DES have induced genie 
dishirbances due to mutagenic activity and hence the disturbances in 
homology and pairing of homologous chromosomes. 
B. Multivalents: 
Generally the frequency of multivalents increased with increasing 
doses/concentrations of mutagens in both varieties. Their frequency was the 
highest in Mi generation, but it decreased in M2 and M3 generations in all 
four mutagens. 
Multivalent formation as induced by gamma rays and chemical 
mutagens has also been reported by many workers in several crops such as 
Zeerak (1992) in Lycopersicon esculentum and Siddiqui and Ansari (2005) in 
Solnnum melongena L.; Kumar and Rai (2007a) in Zea mays L.; Kumar and 
Tripathi (2004) and Kumar and Gupta (2009) in Capsicum annuum, etc. 
The multivalent formation was due to the breakage in chromosomes 
caused by these mutagens and their reunion through reciprocal 
translocations. Chaghtai and Hasan (1979) recorded the multivalents with 
increasing dosage of EMS, MES and MMS in Lens esculenta and suggested that 
translocation might have been produced due to terminal affinities of broken 
chromosomes. 
Zeerak (1992), Vandana ef al. (1996), Kumar and Sinha (1991), Anis and 
Wani (1997) and Kumar and Gupta (2009) attributed the multivalent 
formation to irregular pairing and breakage followed by translocation and 
inversion. According to Lea (1955) and Srivastava (1979) the broken ends of 
the chromosomes when fused at random may bring about unequal changes 
making up the multivalents. 
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C. Stickiness: 
Chromosomal stickiness is characterized by clustering of chromosomes 
during any phase of cell cycle. The number of chromosomes involved in 
stickiness varied from two to whole chromosome complement within PMC. 
The stickiness among the chromosomes was present frequently at metaphase 
and rarely at anaphase. Generally the frequency increased with increasing 
doses/cone, of all mutagens in both varieties and that it was the highest in Mi 
generation, but decreased in subsequent generations. 
Several workers have attempted to define the causes of stickiness. Mc 
Gill et al. (1974) and Klasterska et al. (1976) suggested that stickiness arises due 
to improper folding of chromosome fibres. Rao and Laxmi (1980) and 
Jayabalan and Rao (1987) reported that due to the secondary effects of gamma 
radiations, cytochemically balanced reactions become disturbed and could be 
responsible for stickiness of chromosomes. 
According to Gaulden (1987) sticky chromosomes may result from the 
defective functioning of 1 or 2 types of specific non-histone proteins involved 
in chromosome organization, which are responsible for chromatids separation 
and segregation. Jabee and Ansari (2005) suggested that chromosomal 
breakage may cause stickiness among the chromosomes. It may also be due to 
genetic and environmental factors (Rao et al, 1990; Zanella et al, 1991; 
Caetano-Pereira et al, 1995; Consolaro & Pagharini, 1996; Nirmala & Rao, 
1996; Souza & Pagharini, 1996; Baptista-GiacomeUi et al, 2000a). Stickiness 
could arise due to depolymerization of nucleic acid caused by mutagenic 
h-eatinent (Tarar & Dnyansagar, 1980; Kumar et al, 2003; Kumar & Tripathi, 
2003; Jabee et al, 2008) or due to dissociation of nucleoproteins and alteration 
in their pattern of organization (Evans, 1962; Shaikh & Godward, 1972; 
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Katiyar, 1978; Myers et al, 1992; Srivastava, 1979; Kumar et al, 2003 & Kumar 
& Rai, 2007c). 
D. Secondary Association: 
Secondary association of chromosomes was observed at metaphase 
and the frequency increased with increasing doses/cone, of all four mutagens 
in both varieties. In M2 and M3 generations the frequency was lesser than Mi 
generation. 
Bivalents and univalents lie in close proximity without any distinct 
material connection forming groups and such groupings have been referred 
to as secondary association or secondary pairing of chromosomes (Darlington 
1965). Kobayshi (1952) is of the opinion that the unfavourable temperature 
and the habitat conditions in which the plants grow may be one of the reasons 
of secondary association of chromosomes at metaphase-I. Stebbins (1950) and 
Ignacimuthu and Babu (1989) attempted to define the occurrence of 
secondary association as a result of modified chromosome arrangement due 
to dupHcation, interchanges or stickiness. 
E. Precocious Movement: 
Precocious movement of chromosomes was frequently found at 
metaphase-I and -II stages. Generally, the frequency of precocious movement 
of chromosomes increased with increasing doses/cone of all four mutagens in 
both varieties. The maximum frequency was observed in Mi generation. 
Similar reports are available by the work of Das and Roy (1989) in 
Solanum sisymhrifolium, PagUarini (1990) in Aftenia cordifolia, Pagharini and 
Pereira (1992) in Pilocmyus penneatifolius Lem, Anis and Wani (1997) and 
Siddiqui et al. (2007) in Tngonella foenum-graecum, Kumar and Tripathi (2004) 
in Capsicum annuum, Kumar and Rai (2007c) in Ghjcin max, Malik and 
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Shrivastava (2007) in Carthanius, Bhat et al. (2007) and Khan et al. (1998a, 
2007b, c) in Vicia faba, Defani-Scoarize et al. (1995a, b) and Kumar and Rai 
(2007a) in Zea mays, Khan et al. (2009a) in Cichorium intybus etc. 
The precocious movement of chromosomes might have been caused by 
the early terminaHzation or stickiness of chromosomes and/or movement of 
chromosomes ahead of the rest during anaphase (Premjit & Grover, 1985). It 
may be due to the disturbed homology for chromosome pairing or disturbed 
spindle mechanism (Agarwal & Ansari, 2001), either because of the abnormal 
spindle activity (Amer & Ali, 1974; Umar & Singh, 2003; Kumar & Gupta, 
2009) or due to the reunion of chromatids during meiotic prophase (Rees & 
Thompson, 1955; Lewis & John, 1966; Newmann, 1966). 
The univalents separating precociously seemed to be a result of 
desynapsis (Bose & Saha, 1970; Kaul & Nirmala, 1993, Kumar & Rai, 2007a) or 
asynapsis (Roy et al, 1971). Rao et al. (1990) found that the gene for stickiness 
was responsible for precocious chiasma release in pearl millet. Utsunomiya et 
al. (2002) reported that precocious movement of chromosomes may cause 
ascending chromosomes in maize plant. Moreover, structiiral differences of 
homologous pairs followed with disturbed spindle mechanism might have 
resulted in haphazard movement of chromosomes, some of them being 
precocious. 
F. Stray Chromosomes, Translocation Rings and Spindle Rotation: 
Generally, the frequency of stray chromosomes, spindle rotation and 
translocation rings increased with increasing doses/cone of all four mutagens 
in both varieties. 
Stiay chromosomes at metaphase-I seemed to be caused by spindle 
dysfunction and clumping of chromosomes. Translocation ring have been 
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reported by several workers in various crops such as Khan (1999) in Viciafaba, 
Singh et al. (1999) Vigna mdiata L., Kumar and Gupta (2007) in Nigella sativa L. 
Maity and Dutta (2008) in jute, Srivastava and Kapoor (2008) in Trigonella 
foenum-graecum etc. Singh et al. (1999) concluded that mutagenesis results in 
structural alterations (translocations/inversions) leading to rearrangement of 
chromosomes in the form of ring multivalents. Moreover, the increased 
frequency of stray chromosomes and translocation rings in the higher 
doses/cone, of mutagens was closely associated with the decreased yield in 
higher doses/cone, in both varieties. 
Earher studies showed that mutagens affect the normal spindle 
functioning (Agarwal & Ansari, 2001; Umar & Singh, 2003; Kumar & Gupta, 
2009), which may lead to disorientation or spindle rotation. Srivastava and 
Kapoor (2008) observed spindle rotation in Trigonella foenum-graecum and 
reported its negative correlation with yield, indicating that this anomaly 
disturbs gamete formation. 
G. Laggards: 
Following the similar increasing trend in increasing 
doses/concentrations the laggards created unequal division of chromosomes, 
and hence the sterile microspores. 
Magoon et al. (1958) specified that this could be due to change in 
homology of the paired chromosomes. Tarar and Dnyansagar (1980) and Das 
and Roy (1989) are of the opinion that due to the effects of mutagens the 
spindle fibres failed to carry the respective chromosome to the polar regions 
and resultantly the lagging chromosomes appeared at anaphase-I. According 
to Pagliarini (1990) laggards may be the result of late chiasma terminalization. 
Kumar and Rai (2007a, 2009) also have the opinion that laggards might have 
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appeared due to improper spindle functioriing. Kumar and Gupta (2009) 
reported that fragments which appeared on the breakage of bridges, as a 
result of spindle fibres functioning to pull the chromosomes towards the 
poles, formed laggards. 
H. Bridges: 
The single, double and multiple bridges occurred at anaphase and 
telophase stages in the treated populations. Their frequency generally 
increased with increasing doses/concentrations of mutagens in both varieties. 
The bridges were also induced by Das and Roy (1989) in Solanum 
sisymhrifolium by gamma rays, Reddy and Annadurai (1992) in Lens culinaris 
by different mutagens, George and Abd El-Haleem (2001) in Vicia faba by 
uccmaluscide (moUuscicide), Khan et al. (1998a, 2007b, c) in Vicia faba by 
caffeine, DES and 8-HQ, Kumar et al. (2003) in Lens culinaris by combined 
treatment of gamma rays and EMS, Jabee and Ansari (2005) in Cicer arietinum 
by hydrazine sulphate (HS), Kumar and Rai (2007a) in Zea mays By EMS, 
Siddiqui et al. (2007) in Trigonella foenum-graecum by Sodium azide (NaNs), 
Khan et al. (2009b) in Cichorium int\jbus by 2, 4-D etc. 
Bose and Saha (1970) supporting Rees (1952) said that a single bridge 
without fragment could result from the failure of division of end genes 
brought about by nucleic acid upset. Bridges can also be attributed to the 
general stickiness of chromosomes at metaphase which further led to their 
inability to separate or to the breakage and reunion of chromosomes (Amer & 
Ali, 1974; Kaur & Grover, 1985; El-Khodary et al, 1990; Haliem, 1990; Ahmad 
& Yasmin, 1992; Ahmad, 1993; Anis & Wani, 1997; Kumar & Gupta, 2009). 
Agarwal and Ansari (2001) suggested that chromosomal stickiness, 
subsequent failure of anaphase separation and unequal translocation or 
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inversion of chromosome segments are the main reasons for the presence of 
chromosomal bridges during cell division. 
Sax (1940) and Singh and Khanna (1988) considered that anaphasic 
bridges may be formed due to unequal exchange of dicentric chromosomes. 
The occurrence of breaks at the same locus of two chromosomes and their 
lateral fusion leads to the formation of dicentric chromosomes, which are 
pulled equally to both the poles at anaphase and a bridge is formed. 
Fluminhan and Kameya (1997), El-Ghamery et al. (2000) and Kumar and 
Singh (2002) concluded that the presence of single and multiple bridges may 
be due to the occurrence of dicentric chromosomes formed as a result of 
breakage and reunion of these chromosomes. 
Lewis and John (1966) proposed that irregular crossing over results in 
the formation of bridges and fragments. Kumar and Gupta (2009) reported 
that gene mutation or direct action of mutagen on the target protein 
responsible for chiasma terminalization during diakinesis at meiosis-I cause 
some structural defects in this protein which lead to their improper 
functioning, thus resulting in bridges. 
I. Unequal Division: 
The frequency of unequal division of chromosomes increased with 
increasing doses/cone, of mutagens in both varieties, the maximum being in 
Ml generation followed by M2 and M3 generations. 
Disturbed spindle mechanism, stickiness and irregular chromosome 
movement might be responsible for unequal division of chromosomes (Liang 
et al, 1967; Amer & Ali, 1968). According to Gupta and Roy (1985) non 
oriented, unequal groups of chromosomes may result from non-disjunction 
and irregular separation. Kumar and Rai (2007c) reported that unequal 
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separation of chromosomes in meiosis-I and -II might be the result of the non-
oriented bivalent formation due to spindle dysfunction or due to the 
formation of univalents at diakinesis or metaphase. It might have also 
occurred due to early or delayed separation of bivalents. 
J. Disturbed Polarity and Tripolar Distribution: 
Disturbed polarity and tripolar condition were observed in the present 
study and their frequency increased with increasing doses/cone, of mutagens 
in both varieties. 
Disturbed polarity has been observed by Siddiqui and Ansari (2005) in 
Solatium melongena L., Srivastava and Kapoor (2008) in Trigonella foenum-
graecum, Sharma et al. (2009) in Vicia faha L. etc. The disturbed polarity at 
anaphase and telophase stages could be due to spindle disturbances. 
The tripolar distribution has also been observed by many workers such 
as Meenakumari et al. (1999) in Pueraria phaseoloides, Kumar and Tripathi 
(2004) in Capsicum annuum L., Srivastava and Kapoor (2008) in Trigonella 
foenum-graecum etc. The tripolar condition may be attributed to the 
arrangement of chromosomes in various groups at metaphase, then their 
tripolar and multipolar segregation due to abnormal spindle formation which 
may lead to the formation of polyads during cytokinesis (Kumar and 
Tripathi, 2004). Srivastava and Kapoor (2008) suggested that tripolar spindles 
can produce unbalanced and sterile gametes. 
K. Chiasma Frequency: 
Chiasma formation characterizes the pairing of homologous 
chromosomes at meiosis and controls the degree of recombination. Chiasma 
counting is the most straightforward method of scoring the total no. of 
crossing-over events in the genome (Baptista-Giacomelli et al., 2000b). The 
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gamma rays, MMS, DMS and DES have caused reduction in chiasma 
frequency per cell and per bivalent. The maximum no. of chiasmata per cell 
and per bivalent was observed in the lowest doses/cone, of gamma rays, 
MMS, DMS and DES. The decrease in the chiasma frequency denotes the 
induced heterology due to induced damage or changed loci of genes or 
intra/inter-genic disturbances following the mutagenic treatments. Decrease 
in chiasma frequency was relatively less in M2 and M3 generations, indicating 
that some sort of recovery mechanisms must have been operating in the 
intervening period. 
According to Lawrence (1961) the decrease in chiasma frequency 
following mutagenic treatments might possibly occur at two stages: (i) 
during DNA synthesis and (ii) during sensitive period at/or slightly before 
the stage of chiasmata formation. In the former case the decrease in 
frequency of chiasmata may be due to disturbances in chromosome coiling, 
restricted pairing at pachytene and the delay in DNA synthesis, while in the 
latter, it may be affecting the process leading to chiasmata formation. 
Sadanandan and Subhash (1985) attributed it to the nature and 
potency of mutagens and also the underlying factors, such as complex 
structural changes or the changes in the nature of gene responsible for 
chiasmata formation. The alteration of chiasmata in the treated plants might 
also be due to the failure of complete pairing (Anis and Slharma, 1997) or 
rapid terminalization of chiasmata in the bivalents (Tabassum, 2002). The 
decrease in chiasma frequency may also be attributed to the changes at 
chromosomal/DNA level, such as deletion, inversion, duphcation and 
translocation (Siddiqui and Ansari, 2005). 
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Conclusion: 
On the basis of the present investigation and discussion it has been 
concluded that the cytomorphological variations observed in the present 
experiment are due to the above mentioned genie disturbances induced by 
the action of physical and chemical mutagens, along with their interactions 
with environment. The physiological, biochemical and metabolic changes 
might have indirectly affected the treated plants due to the disturbances at 
chromosomal and genie level. But selfing each variant in Mi followed by 
selection and selfing in M2 and M3 generations eliminates upto maximum 
extent, the possibility and overlapping role of other factors and concentrates 
to stable genetic changes in the mutants obtained. 
Several morphological mutants have been scored from different 
mutagen treated populations in present investigation. Different types of 
morphological abnormalities have been induced, such as the maximum 
reduction in seed germination in MMS in both varieties; the maximum 
lethality, reduction in seedling and mature plant height in DMS and MMS in 
varieties PU and PPL respectively etc. In addition, large number of variations 
has also been induced in MMS treatments in both varieties out of which some 
have been proved to be true mutants in M3 generation. 
At cytological level the maximum frequency of chromosomal 
abnormalities was induced by MMS followed by DMS, DES and gamma rays 
in both the varieties. The number of mutants in M3 was the maximum in 
MMS followed by DMS, DES and gamma rays in variety PU and PPL. 
Moreover, most of the useful mutants (superior to control) have been isolated 
from gamma rays and DES treatments in variety PU, while in variety PPL 
they have been screened from DMS treatments. 
200 
DISCUSSION 
The chromosomal abnormaUties as a whole were also 
dose/concentration dependent and more or less responsible for 
morphological variations. The genetic disturbances, like various 
chromosomal associations and disturbed spindle formation etc., were 
observed as a result of the action of mutagens used. 
Thus the induced cytomorphological variations in the present 
investigation have provided greater chances of selection for different 
desirable characters and may play an important role in increasing the 
diversity in Solatium melongena L. 
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CHAPTER-6 
SUMMARY 
The mutagenic effect of gamma rays, methyl methane sulphonate 
(MMS), dimethyl sulphate (DMS) and diethyl sulphate (DES) was studied on 
morphology as well as cytology of two varieties of eggplant viz. PU and PPL. 
Different parameters, such as seed germination, variations, plant survival, 
pollen fertility, seedling height (i.e. root and shoot length), height of mature 
plant, branching, fruiting, fruit weight per plant, fruit size(i.e. fruit length and 
fruit diameter), 1000-seeds weight were selected for morphological study, and 
univalents, multivalents, stickiness, secondary association of chromosomes, 
precocious movement of chromosomes, stiay chromosomes, translocation, 
spindle rotation, laggards, bridges, unequal separation of chromosomes, 
disturbed polarity, tripolar condition and chiasma frequency for cytological 
study were taken into account in Mi, M2 and M3 generations. Variants were 
selected from the tieated populations on the basis of their cytomorphological 
changes in M] generation, they were selfed and the seeds so obtained sown in 
M2 generation, wherein the selected mutants were studied in detail. 
The seeds of selected mutants of M2 generation were grown in M3 
generation separately. General tieated populations were also sown to study 
the segregation, if any. A set of untieated seeds was sown as contiol. The 
data were analyzed statistically. 
The findings are summarized below: 
(1) Seed germination and pollen fertility showed a dose dependent decrease 
with gamma rays, MMS, DMS and DES in varieties PU and PPL. Similar 
tiend was followed in these doses in M2 and M3 generations also but 
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considerable recovery occurred in these parameters. The maximum 
reduction in seed germination and pollen fertility was found in the 
highest cone, of MMS. The maximum delayed germination in Mi was 
observed in MMS followed by DMS, DES and gamma rays in both 
varieties, but in M2 and M3 the delaying effect decreased significantly. 
(2) Plant survival decreased with increasing doses/cone, of mutagens in 
both varieties. The maximum plant survival was observed in gamma 
rays followed by DES, MMS and DMS in variety PU, however in variety 
PPL it was in gamma rays followed by DES, DMS and MMS in Mi 
generation. The plant survival was higher in M2 and M3 generations than 
Ml generation. 
(3) The cotyledonary and vegetative leaves in treated seedlings exhibited 
abnormalities like notching at the apex, tricotyledonary leaves with 
fusion along margins, reduced angle between two, otherwise opposite 
leaves, poor development etc., as compared to control plants in Mi 
generation in varieties PU and PPL. These abnormalities occurred in all 
mutagens with the difference in their frequencies only. Almost similar 
abnormalities were observed in M2 and M3 generations also, but their 
frequencies were lower. 
(4) Older plants (75 days old) exhibited morphological variations regarding 
leaf shape and size, plant height, branching, fruiting, fruit size in both 
varieties in Mi generation. 
(5) Frequency of variations increased with increasing doses/concentiations 
of all mutagens in both varieties. The mutants in M2 were selected on the 
basis of selfing the variants of Mi. The frequency of mutations was 
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generally lower in M2 and M3 generations, than those obtained in Mi 
generation. 
(6) The average height of seedlings and mature plants in Mi generation 
decreased with increasing doses/concentrations in gamma rays, MMS, 
DMS and DES in both varieties. The maximum reduction in seedling as 
well as mature plant height was obtained in DMS followed by MMS, 
DES and gamma rays in varieties PU and PPL. The M2 generation 
exhibited recovery in the average height of mature plants in general 
treated populations. Moreover, some mutants obtained as a result of 
segregation in M2 and M3, following the expression of new genes, were 
dwarf and some taller than control plants. 
(7) At mature stage dwarf mutants with less branching, taller mutants with 
increased or decreased number of branches, mutants showing higher or 
lower yield than control, were obtained in many treatments in M2 and 
M3 generations. 
(8) Various micro mutational characters such as average number of 
branches, number of fruits, fruit weight, fruit length and diameter, per 
thousand seeds weight and yield, were studied in Mi, M2 and M3 
generations. In M2 generation the mutation frequency was observed 
maximum in MMS followed by DMS, DES and gamma rays. The trend 
in M3 generation is similar to M2. The yield was found maximum in 
gamma rays followed by DES, DMS and MMS. Generally the yield was 
higher in M2 and M3 generations than Mi due to the ceasing toxic effect 
of mutagens. 
(9) The mutagenic effectiveness was higher in the lower doses of mutagens. 
204 
SUMMARY 
The order of mutagens based on effectiveness was MVIS >DMS> DES> 
Gamma rays in both varieties. The mutagenic efficiency worked out on 
the basis of seedling injury (Mp/I) and pollen sterihty (MP/S), also 
showed a declining trend with increasing doses/concentrations of 
mutagens. The order of efficiency with regard to inhibition in seed 
germination (Mp/1) were MMS >DMS> DES> Gamma rays and DMS 
>MMS> DES> Gamma rays in varieties PU and PPL respectively and 
the orders of efficiency with regard to pollen sterihty (Mp/S) were 
DMS>DES>MMS>Gamma rays and Gamma rays>DMS>DES>MMS in 
varieties PU and PPL respectively. The MMS was found to be the most 
effective and DMS was generally the most efficient in both varieties. 
(10) The effect of mutagens on meiotic chromosomes was studied in detail. 
The chiasma frequency (per cell and per bivalent) generally decreased 
with the increasing doses/concentrations of mutagens at diakinesis and 
metaphase-I and that it was lower at metaphase-I than diakinesis. The 
maximum adverse effect on chiasma frequency was caused by MMS 
followed by DMS, DES and gamma rays treatments. The similar pattern 
was followed in M2 generations also, but with slight recovery. 
(11) Chromosomal abnormalities such as, univalents, multivalents, 
stickiness, secondary associations, precocious movement, stray 
chromosomes, translocation rings, spindle rotation, laggards, bridges, 
unequal separation, disturbed polarity and tripolar condition at 
different meiotic stages were mainly observed in varieties PU and PPL. 
The maximum frequencies of these anomalies were observed in MMS 
followed by DMS, DES and gamma rays in both varieties. The 
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frequencies of these abnormalities reduced in h-eated populations in M2 
and M3 generations. 
(12) The positive and negative mutants have been isolated in M3 showing 
various morphological characters almost similar to those in M2 such as 
tall, dwarf, decreased or profuse branching, high or low yielding etc. 
It has been concluded that the morphological and cytological 
variations observed in the present investigation were due to the genetic 
disturbances like various chromosomal associations and disturbed spindle 
formation as a result of the action of different mutagens used. In the condition 
of undetectable changes at chromosome level the changes at geruc level 
(cryptic structural changes) have been attributed as the reasons for 
phenotypic variations. 
In addition to the above reasons the variations may also be due to 
physiological disturbances in metabolic activities or growth regulators 
(auxins and cytokinins) following the mutations at DNA level. Morphological 
variations were higher and mostly adapted in Mi generation, while in M2 the 
mutants were chromosomal and moreover recessive. 
The mutations were more or less similar in all mutagens but in 
varying frequencies. It can be presumed that wherever enzymes are involved 
there must be the involvement of genes, as the genes are expressed in the 
forms of proteins and enzymes. If there is any alternation at genie or base 
level the mutation is bound to occur. 
Moreover, the induced cytomorphological variabilities in the present 
investigation provided greater chances of selection for different desirable 
character in Solanum melongena L. 
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